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LANDSCAPE SURVEY IN THE UPPER AND CENTRAL 


MACKENZIE RIVER VALLEY 


GC Be Cranpron 


This is one part of a three-part contribution to the Task Force on 
Northern Oil Development, by the Northern Forest Research Centre 
(Canadian Forestry Service, Department of the Environment), Edmonton, 
Alberta. This contribution is concerned with the mapping of landscape 
permafrost features using air-photograph interpretation, checked by 
ground inspection; another with the study of terrain-vegetation permafrost 
relationships, used to characterize surficial geological map units 

(Gace Zoltat) and the third with an investigation of the effects of 
disturbance in permafrost terrain, and the kind and degree of damage 

to the terrain caused by different agents (R. M. Strang). 


The data for these contributions were obtained by investigations carried 


out under the Environmental-Social Program, Northern Pipelines, of the 
Task Force on Northern Oil Development, Government of Canada. While the 
studies and investigations were initiated to provide information necessary 
for the assessment of pipeline proposals, the knowledge gained is equally 
useful in planning and assessing highways and other development projects. 
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12.1 Map, scale about 1:600,000; terrain susceptibility to 
damage for the study area. 


12.2 Map, scale about 1:250,000; landscape survey for the 
study area between latitudes 60° and 62° N. 


12.3 Map, scale about 1:250,000; landscape survey for the 
study area between latitudes 62° and 64° N. 


I-45 Map, scale about’ 1:250;,000; landscape survey for the 
study area between latitudes 64 and 66 N. 
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1 SUMMARY 


Using air-photograph interpretation and ground inspection, the 
landscape of the upper and central reaches of the Mackenzie River Valley 
has been mapped, using units identifiable in air-photographs to allow 
extrapolation between the localities of ground inspection. The landscape 
units delineated on the maps are described in terms of useful surficial 
and close subsurface characteristics of the permafrost. The distribution 
of frozen and unfrozen landscape units allowed a rational ZONIng OL climate 
changes from south to north and, coupled with a broadly based grouping of 
units according to the observed damage caused by uncaring traffic. (strongly 
telated) to texture and slope),.a zoning, of the landscape by sensitivity to 
damage from disturbance. The completed maps have been used to correlate 
with the work of others, where this was available. Incorporating aspects 
of geomorphology, drainage, pedology and vegetation, they ‘should torm the 
basis for other, similar correlations. The maps also usefully show the 
distribution of different terrain characteristics for construction work. 

It is hoped to extend the survey into presently unmapped areas. 


2 INTRODUCTION 
2.1 Nature and scope of study. 


The Canadian Forestry Service was asked to make a vegetation- 
landform (landscape) input into the survey and mapping of surficial 
geology throughout a belt of land encompassing the Mackenzie River Valley, 
a geological survey being carried out by the Quaternary Division of the 
Geological Survey of Canada. The particular study described in this 
report was undertaken during 1971 and 1972 in about 17,500 square miles 
of the upper and central reaches of the Mackenzie Valley, and covered 
an area where the surficial geology had been mapped discontinuously by 
WoW; Rutter, 0. L. Hughes, P. T. Hanley and R. J, Fulton of the Geological 
Survey during the years 1970, 1971 and 1972. All the geologists mapped 
basic units such as lacustrine deposits and morainal till: broad textural 
differences between one area and another were mapped for most of the region 
by different people at different times, for example allowing separation 
of more silty and clayey areas from more sandy and gravelly areas; "peat" 
and ''fens' (to be defined later) had been broadly separated, but slopes 
had not been consistently delineated throughout the whole region, though 
they profoundly affect vegetation-landform patterns. Because of the 
incompatibility of time for co-ordination between landscape surveyor and 
geological surveyors, it was necessary to, first, produce landscape maps 
and, second, to correlate these as intimately as possible with the 
surficial geology maps from area to area. 


Additionally, it was found difficult to delineate and describe 
varied landscape units within the constraints set by another, different 
classification formulated by the geologists without the loss of much 
useful information. However, both landscape and surficial geology maps 
were strongly influenced by the regional geomorphology, and this 
dependence became the means of correlation. So, using a modified form 


of the Biophysical Classification (Lacate, 1969), modified to meet local 
needs, correlation of landscape maps with surficial geology maps was 
achieved at the intermediate, Land District (parent material) level. 
This methodology maximizes the information that can be given for a 
particular sheet area. The sheets published to date clearly reveal the 
need in the study area for two separate classification structures and 
resulting maps. In some places the surficial geology needs much more 
careful delineation than the landscape units, whereas in other places 
there is a much greater local variation in the landscape patterns, a 
variation which needs delineation on maps to be of maximum use to the 
engineer. The landscape survey places greater emphasis on the near- 
surface conditions, whereas the geological survey emphasizes conditions 
at greater depths; the one is intended to be complementary to the other. 


PulePopecibic objectives 


The primary objectives of this study are to determine the 
relationships between vegetation, landform and permafrost which are 
of value to the engineer: to present the information in map form at 
suitable scales so that the information is readily accessible to the 
engineer; to define the landscape units, or composite patterns Ot 
vegetation and landform (chiefly drainage microrelief), in terms that 
can be anticipated in standard black and white air photographs so that, 
if necessary, the information can be extrapolated outside the 
particular area of study and so increase the value of the survey 
(though such extrapolation will extend outside the detailed coverage 
of surficial geological mapping), and to rate the landscape units 
meaningfully by sensitivity to disturbance from uncaring traffic on 
this kind of terrain. Finally, using the maps so produced, to 
correlate with as many as possible of the other Departmental Branches 
working within the framework of the Mackenzie River Valley studies. 


2.3 Relationships to concerns about pipeline development 


The engineer must know of terrain where construction problems 
will be similar to those further south, and where nearness to the land 
surface of the permafrost may present problems not experienced elsewhere. 
in particular, certain areas characterized by an intricate patterning 
of frozen and unfrozen ground near the surface; an environment completely 
alien to most engineers and where the normal straight line, cut and fill 
levelling operation will require fundamental changes in tactics from point 
to point if uneconomic maintenance costs are to be avoided; if the delicate 
ecological balance associated with this area 1s mot to be harmfully 
disturbed, and if the natural wild beauty of the landscape is to be 


ama 


a 
SS PATI DINLE Stee PEA oa Oh f BW ce hint 4 > oe my Fe pe 
SAAR PUEY Coane tae UA, sarc, Uae atthe, 
i< A ane gnats i yes Pet oak oh “ay We Te Oly, 
‘ - a : JP eo aye as Te eres SDs 1 5 1a 3 wey “Aan < ral 
SER : Qa BEN TEAR COS AS ARAN Bee: Res A Ry, ME 


me 
eit 
fe 
te 
4 
t 
ae 
wa 
oy 
2s 
Fenays 
22 U 
hd 


110° 


Fu 


STEM te Petar). AP Orth 
SSS AS ee 


» . 
, AED *y- cat 
- are AP ae wre 
3 


£ aye anh 2 a 

‘ IP een pd ZA Ss 
Ny % tpn ete aca 4 
> OS oes ra eed 
i Siesta, Bee 
3 Re 2M OER. 
Ri he a 
4 
SS 

Sy 

= 


VICTORIA ISLANO 


f 
| 


130° 


ef 
x] 
f. 
% 
7 
3 


Se 
ty 
. 
i 
CY 


a 
2 
€ 
- 1 8s 
of ee 
n < ° ¥ 
w]e ; re 
“12 i Oe < 
= we DP Lee : 
Wl & et its. %. 
a r 4 ( O4 Ph de wt = 4 i) 
= % 7) eg $ ‘e 
y ra VAS : 
< Ve wd ta r) 
Adee SES : 
io COS PSE EU CCE : 
y, a PW pa he A, / ae me 3 ° °° 
coe eye e mee Cie Pr here re) oe 
AFAR. SRT RE oe oe 


» Showing physiographic regions, mean 
F) (Brown, 1967), mean annual precipitation 


comm.), and some aspects of the topography. 


Location of the study-area 
annual air temperature ee 


ke 


Fig 


(inches) (Burns; pers. 


TOPOGRAPHY 


D000 - 3001 
EE ooo 2001 


lee Sol 


S20 


MILLS LAKE 


S/e 


'203 
CAMERON HILLS 
@e%0e 


SCALE O 20 40 60 60 100 MILES 


Fig. 2.° Topography of the study area. 


preserved for the future. Such areas highly sensitive to disturbance 
are best avoided, but if they cannot be avoided (and in certain areas 
where, for example, because of mountains pressing in on either side 

of the Mackenzie River, they cannot be avoided), then the engineer 
must know of the special considerations associated with each parcel of 
land. 


3. CURRENT STATE OF KNOWLEDGE 


Existing knowledge of the North is piecemeal and related to 
widely scattered localities, each with its peculiar problems. The 
Study-area incorporates both land which presents no new problems to the 
engineer from the south, and also land which is as susceptible to damage 
from unconcerned traffic as the Arctic barrens. Hence, there is the 
primary need for a systematic coverage of the Mackenzie Valley, even if 
for economic reasons it is in the form of a reconnaissance survey. Most 
maps are generalizations; they delineate areas consisting mostly (say, 
80% of each area) of one kind of terrain. Despite this unavoidable 
deficiency, maps are the best means of conveying certain kinds of terrain 
information to the user. The effects of the deficiency can be mostly 
offset by supporting each map with an adequate legend and terrain 
descriptions, so that the user can reasonably detect when the map 
information is no longer relevant to the land under his feet,-'and, so that 
he can adjust his actions accordingly. 


4 STUDY AREA 
in sClamate 


The area of interest for this report includes the southern and 
central Mackenzie River Valley, from the Northwest Territories-Alberta 
border (latitude 60° N), with the Cordilleran Region (Mackenzie Mountains) 
on the west side and Great Slave and Great Bear Lakes separating the 
Canadian Shield on the east side, northwards to the southern fringe of the 
Arctic Lowlands (66° N) Chie Olio: <tihe study-area lies within the 
Discontinuous Permafrost Zone, although mountain ranges and plateaus, 
especially where they constrict major valleys, become "outliers" of the 
Continuous Permafrost Zone, at the highest altitudes producing Alpine tundra 
which is equivalent to the true Arctic Tundra. However, isotherms are 
generally aligned northwest-southeast (Fig. 1). Isohyets indicate a mean 
annual precipitation below 15 inches throughout the Mackenzie Valley in the 
Study-area, though the precipitation over adjoining highlands to the east 
and west of the river such as the Norman and McConnell Ranges, the Horn 
Plateau and the Cameron Hills (Fig. 2) exceeds this value. Over the Cameron 
Hills, and the Mackenzie Mountains where they impinge on the west of the 
study-area, the mean annual precipitation exceeds 20 inches (Fig. 1). 


4.2 Physiography 


Devonian shales and limestones crop out over a large part of 
the Mackenzie River lowlands (Fig. 3) where the surficial deposits are 
thin, giving rise to near-neutral soils. Plateau-lands, for example 
Horn Plateau and the Cameron Hills, south and east of the Mackenzie 
River are formed of Lower Cretaceous shales and sandstones, capped by 
Upper Cretaceous sandstones and shales. The prominent Norman, McConnell 
and Nahanni Ranges are formed by thrust masses of Silurian-Ordovician 
dolomites, limestones and shales. Devonian limestones and shales help 
form the Mackenzie Mountains, as locally do the Carboniferous—Permian 
sandstones and conglomerates and Cambrian-Precambrian sandstones, dolomites 
and shales. In the central study-area, poorly consolidated Tertiary 
sandstones and conglomerates crop out on either side of the Mackenzie 


River between dissected terraces near the river, and boulder-covered 
mountains further west. 


During the Pleistocene, ice from the Canadian Shield moved west, 
impinging and penetrating the Mackenzie Mountains in the study-area and in 
retreat, depositing a varying thickness of till, thin especially on ridges 
and slopes. During ice retreat, two major glacial lakes were impounded, 
one along the Mackenzie and Liard River Valleys in the south of the study- 
area (Craig, 1965), and one along the Mackenzie River Valley in the north 
of the study-area, laying lacustrine deposits across these areas, usually 
not very thick. Locally these deposits were subsequently resorted by 
wind, forming dunes. 


5 METHODS AND SOURCES OF DATA 
J ieeMap production 


After air-photograph interpretation of different vegetation-landform 
patterns, the significance in terms of permafrost of each of the delineated 
patterns was determined by ground inspection. Initially; both ‘tasksywere 
done concurrently in the field, so that there was interaction between 
possible pattern differentiation from air-photographs and the usefulness 
of these patterns for separating areas with different permafrost relationships. 
Once the limits of the methodology had been determined, air-photograph 
interpretation was done during winter in the laboratory and then checked 
by ground inspection during summer. In this manner as complete as possible 
a knowledge of each of the delineated landscape patterns was accumulated. 

At the end of the two summer field seasons small gaps in the air-photograph 
coverage were filled by extrapolation using whatever means were available, 
and the boundaries between map-sheets or mosaics checked for consistency 

of interpretation. The maps were then reduced, first to a scale of i250, 000 
so that all available information could be presented as reasonably accurately 
as possible on standard topographic maps, and second, to a scale of 12600, 000 
so that the total area could be shown on one map for an overall appreciation 


of the distribution of landscape units. 
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The ee digit ef each full unit symbol on the maps gives the 
Land Region or climatic zone; the second digit the Land District or surface 
geology, and these are shown in large numerals. A hyphen separates this 
information eron the third, small numeral indicating the Land System or 
landscape unit; in most cases this information is shown separately on the 
map. All major areas have been identified in terms of the dominant 
landscape unit number. As an example, the complete symbol 31-12 means 
the (relatively cool) Horn Plateau Land Region, silty-clayey morainal till 
and coarsely lineated gentle slopes with near-surface permafrost, though 
in most places only the 12 would be printed. The landscape units have 
been assigned to four groups for susceptibility to damage from uncaring 
traffic. A broad regional appraisal can be made by viewing only the 
distribution of these four groups, shown by shading or by the assignment 
of the letters A-D. A more detailed assessment can be made by examining 
the distribution of individual landscape units, and for this purpose a 
brief description of each unit is given in the table below the legend. 
The legend gives the general tree height and typical ground vegetation 
associated with the different land systems. Without further restatement, 
constant reference to these maps is intended throughout the report. If 
detail is not required any of the maps can be used independently of the 
report. For accurate assessments of the terrain at any one place, reference 
to the report is essential. 


5.2 Land Regions 


The survey involved the fields of geomorphology, pedology and 
biology, and so the classification of landscape units was structured on 
eemodi tied form of the Biophysical Classification. “Ihe highest teveltor 
this classification, the Land Region, is intended to be equivalent to a 
climatic zone, and so a means was sought for zoning the study area by 
climate. During the course of the survey it was apparent that there was 
a natural grouping of landscape units within discrete areas, each area 
characterized by particular proportions of frozen and unfrozen land. The 
vegetation, for example the tree species distribution, failed to identify 
these areas because of the ubiquitous nature of many trees, except for 
differentiating the extremes. It also became apparent that the soil 
associated with a particular site type ranging throughout the study-area, 
(the freer-drained site associated with many terraces, river and terrace 
banks, morainal and glacio-fluvial ridges), best characterized climatic 
zoning and related usefully to the proportions of frozen and unfrozen land 
in the total landscape. Using the actual distribution of landscape units 
and a knowledge of the distribution of soils on the selected site type, 
climatic zonal lines were drawn on the maps, giving Land Regions CPi .4))F. 


The most southerly "Trout Lake" Land Region 6 is characterized 
by "podzolized" dystric brunisols on freer-drained sites, the most 
podzolized soils in the study area. The climate of this Region is conducive 
to pedogenesis in the form of a biochemical redistribution of certain 
elements to give a horizontal layering in the soil. profiles. In the®next 
"Fort Simpson" Land Region 5 to the north of 6, podzolization in soils on 
the freer-drained sites is not so pronounced, and the soils may be described 
as degraded dystric brunisols. This trend continues northwards, with 
degraded eutric brunisols in the "Norman Wells" Land Region 4 and alpine 
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eutric brunisols in tiiey HornePlateau. Land: Resion. Se. Further north or 
at higher elevations podzolization is no longer apparent in the soils 
which are then termed regosols indicating a minimum of bio-chemical 
activity. In the "Carcajou Canyon" Land Region 2 the cryic regosols on 
freer-drained sites, especially alluvial terrace sites, are shallow over 
the permafrost table. Within so-called "turbic" regosols occurring on 
freer-drained sites in the alpine tundra of the "Mackenzie Mountain" Land 
Region 1, actively heaving soils are evidenced by disruption ok tne 
vegetative mat, and sometimes concentric sorting of fragment sizes (e.g. 
sorted circles, Washburn, 1956, over Tertiary conglomerates). The profile 
layering suggests a movement of organic material down cracks wedged open 
by seasonal freezing, down the summer surface of the permafrost which, in 
this case, slopes gently away from the cracks and, with the mineral soil, 
upwards towards a central orifice, giving in the soil profile a vertical 
component. The trend from podzolized soils (indicative of a warmer 
climate), to cryoturbated soils (indicative of a cooler climate), is 
illustrated by selected soil profiles (Fig. 5). 


HeowLand Districts 


eae 
parent materials in the surficial geology, insofar as common units could 
be extracted from the several source maps produced by the Geological 
Survey. Correlation with the Geological Survey was achieved at this level 
of classification. The many units of the Geological Survey have been 
simplified to six, separating morainal from lacustrine deposits and 
silty-clayey from sandy-gravelly textures (Land Districts 1, 2, 3 and 4 

in Fig. 4), areas with sand dunes (Land District 5) and areas with shallow 
bedrock. (Land District 6). These surficial materials have. an iamportant 
influence on the distribution of permafrost, though greater elaboration 


of this subject is best undertaken in the geologist's reports. 


Land Districts have been interpreted as representing the bas 


5.4 Land Systems 


Land Systems are landscape units of vegetation-landform patterns, 
identifiable on air-photographs, which have significance in terms of 
presence or absence of permafrost and of thickness of the active layer 
(depth to the late-summer permabrost: table)... The kindjof landform used 
is usually the local relief arising from surficial drainage distribution, 
superimposed upon the macrorelief arising from the underlying geomorphic 
structure. The kinds of vegetation which are generally associated with 
the landform tc produce a characteristic pattern identifiable in air- 
photographs includes forested land, land with rich sphagnum cover, or a 
rich lichen cover, or various combinations of two or three of these 
elements. 


Continuously forested lands are most freely drained, sometimes 


imperfectly drained; lands with much Sphagnum spp. (and sedges) are 
surficially waterlogged in the summer (hence-forward, "seasonally 
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waterlogged lands"); lands with much lichen in the vegetative cover are 
usually dry at the surface. Such dryness can arise because the substrate is 
excessively drained (as in podzolized soils on sandy-gravelly soils in the 
south) or, elsewhere in the study-area, where the summer permafrost table is 
close to a surficially dry land surface. In some areas this surficial dryness 
gives the summer landscape a desiccated appearance, despite the nearness of 
"high-ice" permafrost. (In "high-ice" permafrost, water must always be present 
in the frozen substrate as ice in order to maintain its natural mechanical 
properties.) A dry surface to peat helps insulate the underlying permafrost 
(Brown and Johnston, 1964). This dryness, with a thick ericaceous and birch 
shrub layer that so frequently accompanies lichen on these sites serves as 
fuel for irregularly distributed intense fires that burn deeply (Cochrane and 
Rowe, 1969). After such intense fires the permafrost table lowers and there 
are great changes in the appearance of the landscape. Interpretive mapping 
takes account of this by comparison with unburnt areas. 


5.5 ‘External sources of data. 


Land Regions and Land Systems are based on data collected by the 
author. Land Districts are based on data from the Geological Survey of Canada. 
Grouped Land Systems were correlated with current vegetation units defined by 
W. L. Wallace during a survey by the Forest Management Institute. Grouped 
Land Systems were also correlated with more detailed observations collected 


by R. M. Strang (of the Edmonton Laboratory, Canadian Forestry Service) from 
selected localities in the study area. A correlation was attempted with 


certain aspects of the Canadian Wildlife Service's contribution to the Task 
Force on Northern Oil Development. 


So RESULTS 
Mineral soils and rock outcrops (Fig. 6) 
6.1.1 Land System 1: mountain rock outcrops and screes (Figs. 10 and 22)%., 


Bare rock outcrops with screes on steep slopes occupy most of this 
particular landscape in mountainous areas. Dwarf black spruce (Picea martana 
(Mill.) BSP) has a foothold in regosols on some of the more stable screes. 
The thin ground flora is often ericaceous shrubs, with lichen. On high- 
altitude mountain plateaus there is a characteristic alpine flora. 


6.1.2 Land System 2: freer-drained mineral soils without near-surface 
permafrost (Figs. 10, 11 and 15). 


This unit occurs on freer-drained sites; specifically, freely—drained 
dystric (south), eutric (central and east) and alpine (north and west) brunisols 


2 Liane 


or, if no freely-drained soils occur in an area as often in the north, imperfectly 


drained, gleyed dystric and eutric brunisols, all soils with a pH about 3-5. 
Such sites are associated with many terraces, river and terrace banks, morainal 
and glacio-fluvial ridges; these sites were used to characterize the climatic 


zoning, previously equated with Land Regions. Typically, these sites are forested 
with the most useful merchantable stands in any area. The most widespread species 
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* For convenience, the stereograms are grouped together at the end of this 


report, before appendices. 
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is white spruce (Picea glauca (Moench) Voss), though black spruce and 
jack pine (Pinus divaricata (Ait.) Dumont = P. bankstana Lamb) often 
occur on the least fertile and most podzolized sites, notably in the 
south of the study-area where podzolized soils are common. The jack 
pine stands are usually associated with a rich, lichen (mostly Cladonta 
alpestrts (L.) Rabenh.) ground flora with schreber moss (Pleurogtum 
schrebert (BSG.) Mitt.) on sandy-gravelly soils; an exceptional 
association in this study area since abundant cladonia is generally 
associated with near-surface permafrost. In the north of the Study, 
white birch (Betula papyrtfera Marsh.) normally accompanies white spruce. 


The ground flora in Land System 2 is normally richly herbaceous» 
including species such as bunchberry (Cornus canadensts L.) maianthemum 
(Matanthemum canadense Desf.) and fireweed (Eptlobtum angusttfoltum L.), 
with shrubs such as the wild rose (Rosa acicularis Lindl.), dogwood 
(Cornus stolontfera Michx.) and dwarf raspberry (Rubus pubescens Rat.) ; 
and often grassy with species such as Calamagrostis canadensis (Michx.) 
Nutt. Shiny moss (Hylocomtum splendens (Hedw.) BSG) is widespread on 
freely drained sites, with some plume moss (Hypnum crtta-castrensts 
Hedw.) on imperfectly drained sites. After fire, trembling aspen 
(Populus tremulotdes Michx.) grows on freely drained sites, and balsam 
poplar (Populus balsamtfera L.) on imperfectly drained sites, eventually 
accompanied by an understory of white spruce, except where there is jack 
pine. Fire has been a sufficiently frequent ecological factor: that, 
outside of mountainous areas, few stands on these sites exceed 100 years 
of age. Within protected areas such as mountain valleys or on ridges 
surrounded by extensive waterlogged land, some stands exceed 200 years 
of age and a 100 ft in height. These stands are probably too local to 
be of long term economic value. However, they could be a local source 
OL pidangs:, 


Frozen ground, usually occurring at about 6 ft depth, is not 
extensive and occurs mostly in silty-clayey lacustrine deposits. 


6.1.3 Land System 7: freer-drained mineral soils with near-surface 
permatrost, (Figs.. 16 and.20), 


Biochemical activity is sufficiently reduced in the Carcajou 
Canyon and Mackenzie Mountain Land Regions 2 and 1, in the northeast of 
the study area or at high altitude, respectively, that pedogenesis is 
insignificant and the profiles are regosols without normal soil horizonation. 
Sedimentary layering in terraces is well preserved because of the absence 
of pedogenesis. A near-surface summer permafrost table in cryic regosols 
associated with many freer-drained sites in the Carcajou Canyon Land Region 
2 encourages a rich growth of lichen at the land surface, which can be 
seen as white in air-photographs, between white (and black) spruce trees 
that are more widely spaced than in Land Regions 3 to 6. In the high 
altitude alpine landscape of the Mackenzie Mountain Land Region 1, the 
soil profile is disturbed vertically by frost heaving, giving ‘Curpie. 


regosols. There is a greater variety of lichens, some of which are dark 
in colour, in the ground flora of this land system. Consequently, there 
is not the high albedo normally associated with light-coloured lichenous 
land where the lichens help insulate the permafrost. At these higher 

altitudes, tree height is restricted to within about 1 ft of the ground. 


Seasonally waterlogged lands 


6.1.4 Land System 3: seasonally waterlogged lands without near-surface 
permafrost (Figs. 11 and 1/). 


Seasonally waterlogged lands are generally peaty (with about 
1-2 ft of organic material at the surface) rego gleysols (pH about 4) 
where the surficial morainal or lacustrine deposits are thick, and gleyed 
gray luvisols where Devonian calcareous shales and limestones are close 
enough to the land surface to influence the soil, giving near-neutral pH 
values and some translocation of clay down the profile. Low beach lines, 
locally delineating the periphery of lacustrine deposits, or morainal 
ridges of various origins, are usually a little better drained, with gleyed 
eutric brunisols or brunisolic luvisols. Where there are reticulate 
patterned bogs (so-called "fens"), the soils are mostly mesisols of partly 
humified, thick organic deposits, locally hydric mesisols or "floating bogs". 


Trees on these waterlogged flat lands are generally smaller than 
on freer-drained mineral soils, more openly spaced and with a rich, mossy 
ground flora containing plume-moss and Sphagnum spp. These treed areas 
merge into open "wetlands" with widely scattered black spruce, tamarack 
(Larix laricina (Du Roi) K. Koch) and white birch. Often these trees 
cluster with balsam poplar on slightly raised and less wet parts, leaving 
intervening areas mostly barren except for a shrub layer, sometimes thick, 
or dwarf birch (Betula glandulosa Michx.) with willow and ericaceous 
species in a sphagnaceous carpet (e.g. Sphagnum fuscumn (Schimp.), Hs Kiingre: 
and Sphagnum rubellum Wils.). In turn, these shrubby areas locally merge 
into sedge flats (notably tufted bog-cottongrass (Eriophorum spissum Fern.) 
with Sphagnum spp. and reticulate-patterned bogs, These bogs may exhibit 
a polygoid pattern of banks on flats, the banks sometimes confining pools, 
and merging into concentric arcs on slopes. 


Though generally unfrozen in summer, local frozen patches of 
subsoil were observed. The incidence of frozen ground is greater on treed 
"sslands" surrounded by waterlogged land, than on forested land in Land 
System 2. In some areas, clearly identifiable on the 1:250,000 topographic 
base maps (south of Fort Simpson and either side of the Mackenzie River 
near Camsell Bend) there are abundant thermokarst lakes, especially where 
there are silty lacustrine deposits, often with dead or dying trees leaning 
over the water and slumping in with parts Of the banks, implying that 
lakes are currently enlarging. Locally, especially in the south and east 
of the study area, presumably cryostatic pressure generated during autumnal 
freezing forces alkaline material from the underlying calcareous rock Strata 
into lakes where the substrate does not generally freeze in winter, producing 
water bodies which are, apparently, largely devoid of plant life. 


6.1.5 Land System 4: seasonally waterlogged lands with near-surface 
permafrostu( Figs.” 12619 eande20)« 


The soils, vegetation and terrain patterns of this Land System 
are essentially similar to those for Land System 3, but frozen subsoil 
is encountered by probing much more frequently in summer. The presence 
of a summer permafrost table at a depth of about 45 inches, locally 
occurring nearer the surface, produces local patches of sphagnum with 
lichen, which gives a faint "marbloid" effect on air photographs, and a 
generally lighter tone in contrast to the generally darker tone 
characterizing Land System 3. In areas of lacustrine deposits where 
there are many lakes (in the northwest of the study-area near Fort 
Norman and Fort Good Hope), subsidence of the partly frozen banks and 
dying trees into the water is more pronounced than in Land System 3. 


6.1.6 Land System 5: drumlinoid terrain and intervening seasonally 
waterlogged lands, locally with near-surface permafrost (Figs. 
TS Sand, Lays 


The soils and vegetation associated with drumlinoid ridges are 
the same as for Land System 2 (or Land System 7 at high altitudes in the 
north of the study area), and the soils and vegetation associated with the 
intervening seasonally waterlogged lands are locally the same as for the 
Similar lands of Land System 3. However, an effect of numerous, often 
closely adjacent ridges confining the depressions between them often 
appears to be the production of a cold microclimate in the depressions, 
which locally gives rise to a frozen subsoil as in Land System 4, where 
sphagnum and lichen are intricately patterned. Within the environment of 
Land System 5, a mineral soil with frozen substrate occurs further south 
in the study area than in any other Land System. 


Terrazoid-patterned peaty lands 


6.1.7 Land System 8: peat plateaus with labrador tea (Ledum palustre L.), 
locally with near-surface permafrost, and scattered depressions 
containing summer pools (Figs. 11 and 17). 


This system includes frozen, raised peat, low plateaus, usually 
cryic mesisols, sometimes cryic fibrisols ("peat" of the Geological Survey). 
Numerous depressions containing summer pools scattered across the peat 
landscape give the terrain its characteristic "terrazoid" appearance. 
Dwarfed black spruce, with some tamarack and white birch, and a few jack 
pine trees are widely scattered across the terrain. A profuse growth of 
labrador tea (with only subordinate, poorly growing lichen) imparts to 
the raised peat a dark color in air photographs, contrasting with the light 
color (sometimes Sphagnum squarrosum Crome) around depressions. The flora 
also includes shrubby cinquefoil (Potentilla fruttcosa'L.), cowberry 
Vaectntum vitts-tdaea L.), bake-apple (Rubus chamaemorus L.) and horsetails 
(e.g. Equisetum spp.). 


ea The surface of the raised peat displays polygoid cracking 
individual polygons being about 2-3 ft in diameter. Probing into bas: 
usually reveals frozen peat at about 20-30 inches. In addition to this 
small-scale cracking, there is often a large-scale cracking radiating 
from a central high point on the peat plateau. If the foci of these 
radiating cracks are sufficiently open, summer thawing produces damp, 
sphagnaceous depressions, and sometimes small pools. The depressions 
grade from small to large, and around the larger depressions with pools 
there are often concentrically aligned cracks. Cracking and slumping of 
peat blocks into the depressions produces the very typical dead or dying 
trees which lean over, and eventually subside into the depressions, 


implying that these are thermokarst depressions, enlarging and encroaching 
on the raised peat. 


Land System 8 occurs in the south of the study-area. Generally 
there is a discontinuity between this land system and Land System 3, 
though locally there is a transition from raised peat with depressions, 
to larger depressions with frozen, raised peat confined to banks dividing 
adjoining depressions. Gradually the less prominent banks are thawed to 
a greater depth, ultimately merging into reticulate, polygoid bogs 
(Crampton, 1973)... 


6.1.8 Land System 9: hummocky, peaty mineral soils with near-surface 
permafrost (Figs. 12 and 18). 


The soils are cryic peaty regosols with the permafrost at a 
depth of about 30 inches, merging into turbic peaty regosols. In actively- 
heaving turbic regosols the land surface is hummocky, the hummocks (about 
4 ft across) being defined by a system of polygonal cracks. Presumably, 
organic matter moved down the cracks, obliquely down the summer surface of 
the permafrost, and upwards through a central orifice which pierces’ the 
vegetative mat, spilling out onto the land surface. Though this surficial 
exudation onto domed hummocks was observed in high altitude, non-peaty 
mineral soils in the Mackenzie Mountain Land Region 1, it was not observed 
in any Land System 9 terrain in the study area, and so it is probably 
dominantly a fossil structure in the latter terrain, suggestive of colder 
conditions in the past. There is every graduation from an undisturbed 
eryic regosol soil profile over the permafrost on flats, especially in the 
east of the study area (where Land System 9 merges into, and is intricately 
patterned with Land System 4 terrain), to well-structured turbic regosols 
which are usually located in the northwest of the study area and on gently 
sloping land adjoining flats. Though the vegetation is continuous over 
domed hummocks in the study area, trees which have chanced to grow near 
cracks eventually become mstable and lean , to give the "drunken forest" 
effect. Though average depths are given for the summer permafrost table, 
it follows from the description that this table can be highly irregular in 
depth, shallowest below cracks, deepest below hummocks. 


The black spruce trees are about 15 ft high, growing in an open 
forest, with a ground vegetation richly colored by lichen, accompanied by 
erieaceous shrubs such as labrador tea, ‘cowberry, shrubby cinquefoil, dwarf 


birch and willows. Sphagnum-rich depressions with sedges, often 
containing summer pools, are scattered across the land surface. 


6.1.9 Land System 10: hummocky peat plateaus with lichen and near-surface 
permafrost, and scattered depressions containing summer pools 
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The frozen, peat flats of this Land Systemiditter trom Land 
System 8 in that the surface hummocks are more pronounced, there may 
also be polygoid cracking about 30 ft in diameter, the trees are dwarfed 
to the extent that they are part of the shrub layer, the ground vegetation 
is richer in lichens than in any other land system, and the summer 
permatrost table is close to ‘the surface, often within 10 inchess= Ihe 
tonal contrast on air photographs is the reverse of that for Land System 8; 
in Land System 10 the lichen-rich, frozen peat is much lighter than the 
sphagnum-rich depressions. Sphagnum-filled runnels often lead away from 
the depressions, following courses largely dictated by a polygoid pattern, 
though many runnels do not link up with any regional drainage system. 


Linear-patterned slopes 


6.1.10 Land System 6: steep, lineated slopes without near-surface 
pertarrost (Fige.. 14. and 9). 


On most slopes in the south of the study area, and on long, 
moderately inclined slopes dropping from the high plateau-lands in the 
centre of the study area, there is a sub-parallel drainage pattern of 
shallow runnels oriented downslope. The smallest runnels are about 50 
yards apart, and the largest about 600 yards apart. Peaty (about 12-18 
inches thick) rego gleysols occur on the more gently inclined lower slopes, 
and gleyed gray luvisols on the more steeply inclined upper slopes where 
the Devonian and Cretaceous calcareous shales are covered by thinner 
surficial deposits. The vegetation is similar to Land System 3. Most 
tree growth occurs in the runnels, making them obvious on air-photographs. 
Much of the remaining land is wet and comparatively barren of trees, with 
a ground vegetation of sphagnum and sedges. However, in places there is 
a very prolific shrub growth of birch and willows. The summer permafrost 
table occurs at about 40-60 inches, nearest the surface under ridges. 


6.1.11 Land System 11: gentle, coarsely lineated slopes with near-surface 
permafrost. (Figs. 8 and 21). 


On moderate slopes of plateau-lands there is a finely lineated 
drainage pattern of sub-parallel runnels, generally closer than is typical 
of Land System 6. The soils are mostly peaty cryic gleysols, with the 
summer permafrost table at about 20 inches. Dwarfed black spruce (around 
15 ft high) is widely scattered across the landscape, often slightly 
concentrated in the more moist runnels where the summer permafrost table 


is deeper and there is a carpet of "cushion" Sphagnum spp. On low ridges 
between the runnels, lichen grows profusely, accompanied by labrador tea, 
dwarf birch, cowberry and shrubby cinquefoil. 


6.1.12 Land System 12: gentle, coarsely lineated slopes with near-surface 
permafrost (Fics. 21) -and- 24). 


On these gentle slopes the organic layer is thicker (about 3 ft) 
than in Land System 11, some of the sub-parallel runnels are wider than 
others, and the ridges between runnels are more prominent. There is also 
a correspondingly greater contrast between lichen-covered ridges and 
sphagnum-filled runnels. Club-topped, very stunted black spruce is widely 
scattered. Snow drifts accumulate in the drainage channels, and are 
preserved for longer during snow-melt on the north-facing slopes. Polygoid 
cracking and associated hummock development beneath the organic layer 
occurs, though, as in Land System 9, no surficial spilling of the substrate 
was observed and so, presumably, this is a fossil structure. There is a 
considerable variation in the thickness of the active layer, the summer 
permafrost table being deepest below the more prominent drainage channels, 
and most shallow (about 10 inches) below cracks defining the ridge hummocks. 
Land System 12 occurs mostly on northwest-, north-, northeast-, and east- 
facing slopes, generally on the east side of mountain ranges. 


6.1.13 Land System 13: rocky plateaus, and finely lineated slopes with 
near-surface permafrost (Figs. 16, 22 and 23). 


Where the morainal veneer is sufficiently thin, the structure of 
the underlying rock is reflected through the surficial lithic regosols, 
often giving a quasi-reticulate, major drainage pattern. The morainal 
cover is thicker on slopes, where there is a finely lineated drainage 
pattern of sub-parallel runnels, similar to that characterizing Land System 
11. The soils, vegetation and active layer characteristics are also similar 
on slopes to Land System 11, but above the slopes, although the rocky 
substrata may be cold, it does not often contain ice. 


6.1.14 Land System 14: hilly moraine and finely lineated slopes with 
near-surface permafrost (Figs. 23 and Dl), 


At the northeast foot of the Mackenzie Mountains in the north 
of the study area there are "humped" or hilly moraines, with richly 
lichen-covered tops, and finely lineated slopes similar to those of Land 
System 11. On the hill crests there are cryic regosols with a summer 
permafrost table very close to the land surface. 
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6.2 Distribution of Land Regions. 


The profound climatic change*from south to north across the 
study area is indicated by the presence on freer-drained sites, in the 
south of soil profiles in which chemical weathering is occurring, and in 
the north of soil profiles in which physical weathering is dominant. 
Podzolization is maximal in the southernmost Trout Lake Land Region 6, 
and cryoturbation most common in the alpine tundra of the Mackenzie 
Mountain Land Region 1 which occurs on mountain plateau tops in the 
northwest of the study area. The Carcajou Canyon Land Region 2 in which 
freer-drained terrace soils are generally frozen, also occurs in the 
northwest where the Mackenzie Mountains impinge on the study-area. There 
is an "outlier" of Land Region 2 on high plateau land northwest of Wrigley 
and east of the Mackenzie River. The Horn Plateau Land Region 3 occurs 
in mountainous plateau lands elsewhere along the western margin of the 
study area, and to the east of the Mackenzie River on the Norman and 
McConnell Ranges, the Ebutt Hills and Horn Plateau. Except where there 
are mineral soils, the summer permafrost table is near the land surface. 
"Outliers" of Land Region 3 occur on the top and north slopes of the 
Martin Hills, and even as far south as cool, northeast slopes overlooking 
Trout. Lake. 


Seasonally waterlogged lands (Land Systems 3 and 4, together 
occurring in 37% (Fig. 6) of the total study area, in the Fort.Simpson 
and Norman Wells Land Regions 5 and 4, respectively) follow the River 
Mackenzie throughout its course across the study area, with just one 
break in continuity north of Wrigley where mountain slopes press in on 
either side of the river. The belt of this land is widest in the southeast, 
narrowing northwards. In the north the extent of seasonally waterlogged 
lands is restricted by mountains on the west side of the river, but it 
is moderately extensive on flat lands on the east side of the study area. 


Considered separately, Land Region 4 occurs in lowlands either 
side of the Mackenzie River north of Wrigley, and along the eastern border 
of the study area, as far south as on the north side of the Horn Plateau. 
Land System 4 is seasonally waterlogged land with near-surface permafrost 
(absent in Land System 3), and its presence in cold, depressed land south 
of Horn Plateau (together with unusually lichenous Land System 8) gives 
rise to an "outlier" of Land Region 4. Land Region 5 occurs in lowlands 
either side of the Mackenzie and Liard Rivers, and encircles Horn Plateau. 
Like Land Region 4, Land Region 5 becomes more extensive south and east of 
the study area. Great Bear and Great Slave Lakes near to the east appear 
to have created a local climate distinctly different from that created by 
the Mackenzie Mountains to the west of the study area. Land Region 6 is 
restricted to the south of the study area. The proportions of each Land 
Region in the total study area is shown in Fig. 7. 
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6.3 Distribution of Land Districts 


Silty-clayey morainal deposits (Land District 1) are most 
widespread in the east and south of the study-area, away from the rivers 
Locally, (only 3% of total morainal deposits - Fig. 7), the deposits ee 
sandy or gravelly (Land District 2), as on the north side of the Cameron 
Hills. Silty-clayey lacustrine deposits (Land District 3) occur either 
side of the Liard and Mackenzie Rivers in the south; remnants of one large 
glacially impounded lake. Another, separate lake was impounded in the 
north, and gave rise to more extensive lacustrine deposits. Locally, (14% 
of total lacustrine deposits - Fig. 7), the deposits are sandy and gravelly 
(Land District 4). In the-areas of both glacial lakes the lacustrine 
material was very locally resorted during post-glacial times by wind, to 
form areas of sand dunes (Land District 5). A morainal veneer over bedrock 
is most extensive in the mountainous area (Land District 6). 


6.4 Distribution of Land Systems. 


In Land Regions the sequence of numbered Land Systems is broadly 
that of susceptibility to surface damage from unconcerned traffic, 1 being 
the least susceptible and 14 the most susceptible. If the Land Systems are 
grouped by terrain similarity (Fig. 6), within each group the distribution- 
pattern is generally that of the less-easily damaged lands being recorded 
mostly in the sothernmost Land Regions, and the more-easily damaged lands 
being recorded mostly in the northernmost or most elevated Land Regions. 
Linear-patterned slopes illustrate this distribution, steep lineated slopes 
without near-surface permafrost (Land System 6) being most extensive in the 
most southerly Trout Lake Land Region 6, and progressively less extensive 
northwards and at higher elevations, to Horn Plateau Land Region 3. These 
slopes have not been observed in the Mackenzie Mountain and Carcajou Canyon 
Land Regions 1 and 2. In contrast, rocky plateaus with finely lineated 
slopes and near-surface permafrost (Land System 13) have not been recorded 
in the southernmost Trout Lake and Fort Simpson Land Regions 6 and 5, but 
although generally extensive in the Horn Plateau and Carcajou Canyon Land 
Regions 3 and 2, they are most extensive in the northwestern, high-altitude 
Mackenzie Mountain Land Region 1. Moderate, finely lineated slopes with 
near-surface permafrost (Land System 11) are most extensive in the Horn 
Plateau Land Region 3, and gentle, coarsely lineated slopes (Land System 12) 
are most extensive in Carcajou Canyon Land Region 2. 


Similarly, considering terrazoid-patterned lands, frozen peat 
plateaus with labrador tea (Land System 8) are most extensive in the 
southernmost Trout Lake Land Region 6, whereas frozen peat plateaus with 
lichen (and a summer permafrost table nearer to the land surface) (Land 
System 10) are most extensive in the Carcajou Canyon Land Region 2. In 
the north of the study-area, Land System 10 grades into Land System 14 as 
the terrain becomes more hilly and the slopes lineated, and Land System 14 
is, likewise, most extensive in the Carcajou Canyon Lake Region 2. 


Land Regions in total study area 
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Fig. 7. & of Land Regions and Land Districts in total study area. 
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Seasonally waterlogged lands without near-surface permafrost 
(Land System 3) are most extensive in the southern Trout Lake and Fort 
Simpson Land Regions 6 and 5, whereas similar lands, but with near-surface 
permafrost (Land System 4), are most extensive in the Norman Wells Land 
Region 4 to the north. In land Region 4, differences in the depth of the 
active layer determines whether surficial waterlogging can occur in summer 
If the summer permafrost table is too near the land surface, the surface 
is, relatively, drier and lichen replaces Sphagnum as the dominant element 
in the vegetation (Land System 9). Hence, Land System 4 interdigitates 
with Land System 9 in the Norman Wells Land Region 4, a phenomenon displayed 
particularly well in the northwest of the study-area. At progressively | 
higher elevations and latitudes, from the Norman Wells Land Region 4 to 
the Carcajou Canyon Land Region 2, seasonally waterlogged Land System 4 
is gradually replaced by Land System 9 with a shallow active layer. 


Likewise, freer-drained mineral soils without near-surface 
permafrost (Land System 2) are also most extensive in Land Regions 6 and 5, 
whereas such soils but with near-surface permafrost (Land System 7) are most 
extensive in the Carcajou Canyon Land Region 2 in the northwest of the 
study-area. Rock outcrops are most extensive in the Mackenzie Mountain Land 


Region l. 


Forested, freer-drained mineral soils without near-surface 
permafrost (Land System 2) are most extensive on sandy-gravelly morainal 
deposits (such as eskers - Land District 2), and on silty-clayey lacustrine 
deposits (adjoining river banks - Land District 6) (Fig. 0). nee lesroOre 
Simpson Land Region 5, seasonally waterlogged lands without near-surface 
permafrost are more extensive on sandy-gravelly lacustrine deposits (90% 
of total area of Land District 4) than om the silty-clayey textured lacustrine 
deposits (64% of total area of Land District 3). Conversely, in the same 
Land Region 5, frozen peat plateaus (Land System 8) occur in 13% of the 
total area of silty-clayey lacustrine deposits, contrasted with less than 
1% of the total area of sandy-gravelly lacustrine deposits. In the Norman 
Wells Land Region 4, frozen peat plateaus (Land System 8) and frozen peaty 
mineral soils (Land System 9), together, occur in 14% of the total area of 
silty-clayey lacustrine deposits, whereas in sandy-gravelly lacustrine soils 
these frozen lands occur in less than 1% of the €Otal area. eolnce.e as 
described previously, the proportion of sandy-gravelly land is greater on 
lacustrine deposits than on morainal deposits, and, as described above, 
frozen organic or mineral soils are less extensive on sandy-gravelly terrain, 
the distribution of sandy-gravelly lacustrine deposits within the Mackenzie 
Valley is an important consideration for lines of transportation. 


On silty-clayey morainal deposits (Land District 1 - the most 
common parent material in the study-area), the percentage Of Land with 
near-surface permafrost increases from 247 of the total area of Irout 
Lake Land Region 6 in the south, through 28%, 42%, 75% in Land Regions 5, 
Veeco. to o2,-01 the total sarea of Carcajou Canyon Land Region 2a On 
this parent material the proportion of lichenous, terrazoid-patterned, 
peat plateaus (Land System 10) increases from 4% in the Norman Wells Land 
Region 4, through 10% in Land Region 3, to 20% of the total area of Carcajou 
Land Region 2. This confirms the regional trend already alluded to, of an 
increasing proportion of land susceptible to damage from uncaring traffic, 
northwards and at greater latitudes. 


Rocky plateaus with finely lineated slopes and near-surface 
permafrost (Land System 13) are most extensive in the Horn Plateau Land 
Region 3 where there is a veneer of silty-clayey morainal deposits over 
shallow bedrock (43% of the total area of Land District 6, compared with 
28% of actual rock outcrops). The proportional extent of Land System 13 
decreases with greater altitude (34%, compared with 38% of rock outcrops 
in, Land District ©); until. it) ds) 26% of Eand, District. 61 ingthe Mackenzie 
Mountain Land Region 1, compared with the great area (65%) of rock 
outcrops. 


Though Land System 2 is generally most suitable land for 
transportation lines, some of it is found near unstable banks, and it 
occurs in only 84 of the total study area. Some frozen land also often 
occurs on the cool, north and northeast sides of normally treed morainal 
ridges (Fig. 11). The importance of aspect increases northwards. 


6.5 Susceptibility of terrain types to damage 


Based on observations of seismic and road lines, campsites and 
post-fire conditions throughout the study-area, with probing to detect 
the depth to the summer permafrost table inside and outside the disturbed 
land, the Land Systems (1-14) have been arranged in an approximate order 
of susceptibility to surface damage from unconcerned traffic. However, 
local conditions can change the relative position of Land Systems in this 
sequence, and so the fourteen landscape units have been assigned to four 
groups; least susceptible, moderately susceptible, strongly susceptible 
and most susceptible to damage. Rock outcrops (Land System 1) and mineral 
soils (Land System 2) are least susceptible, though in areas of SLLULY, 
lacustrine deposits, local ice masses situated too deep to have any effect 
on the surface vegetation (about 5 ft or more), can melt if the forest is 
cut-over and the land greatly disturbed, or if a river erodes its banks 
to expose such ice masses. Ice-melt can cause considerable subsidence 
and pooling of water, or slumping of banks. Seasonally waterlogged lands 
without near-surface permafrost (Land System 3) are, equally, not susceptible 
to damage unless, again, the land surface is greatly disturbed, beyond the 
formation of normal rutting, and if local ice masses happen to be present 
in silty lacustrine deposits. These hazards are more likely to be experienced 
north of latitude 61°31". 


Seasonally waterlogged lands with near-surface permafrost (Land 
System 4, contrasted with 3) are more easily damaged by land disturbance 
or by fire, especially where these lands slope down to rivers. Removal 
of the surface vegetation and disturbance of the organic layer can cause 
lowering of the summer permafrost table, and if the land is sloping, 
slumping can occur. In drumlinoid terrain (Land System 5) most land with 
near-surface permafrost occurs in the hollows between ridges, intricately 
distributed with land not having near-surface permafrost; it is this local 
variability that creates a moderate hazard. Though the active layer may 
be up to 60 inches deep in Land System 6, the slopes constitute a potential 


hazard for erosion, and so these lands are also considered moderately 
susceptible to damage. 


Te 


Flat or undulating mineral soils (Land Systems 7 and 9) or 
organic terrain (Land Systems 8 and 10) are considered strongly susceptibl 
to surface damage from uncaring traffic because, in summer, "high-ice" : 
permafrost occurs close to thei land-surface. Local piercine of the 
insulating vegetative and organic cover is sufficient to cause ice-melt 
and subsidence. On flats this man-induced subsidence may merge into 
natural subsidence depressions (Fig. 8), or large pools may form, but 
near slopes, even gentle slopes down to rivers, an increase in the depth 
of the active layer, charged with water, can produce slumping (Fig. 8). 


. Lands considered most susceptible to damage are those which, by 
definition, are generally sloping and in summer have "high-ice" permafrost 

near the land surface (Linear-patterned Land Systems 11, 12, 13 and 14). 
Fragmentation of the surface vegetative and organic cover by traffic 

quickly produces subsidence and slumping or gully erosion (Fig. 8). This 

style of terrain damage is often self-perpetuating, as slumping or erosion 
exposes more of the permafrost, to cause more melting, subsidence and 

erosion, until the slopes have been sufficiently reduced in steepness for 

the vegetation to begin to re-establish itself, and until the banks delineating 


the damaged area are sufficiently low for the vegetative mat on the undamaged 
‘endsconarop and cover them. 


7, DISCUSSION 
Joie Correlation with F.M.1.'s current vegetation survey 


A more sensible correlation of Land Systems with the current 
vegetation survey was gained when the Land Systems were grouped according 
to Fig. 6. The correlation was based on a count of Standard Mercator 
Grid intersections. On this basis the freer-drained mineral soils were 
associated mostly with "thrifty" white spruce, jack pine, aspen and white 
birch stands of fire origin, with a shruby, herbaceous (grassy) ground 
vegetation; an older successional stage of this unit, usually with a 
feather moss ground vegetation; and to a lesser extent, with slow-growing, 
narrow-crowned black spruce rarely exceeding 50 ft in height, with a mossy 
and ericaceous ground vegetation (Fig. 9). 


As often occurs with natural phenomena, the end-parts of this 
particular stratification of observations were distinctly different, but 
there was a continuum between the extremes, one part merging into the other. 
Hence, like the imperfectly drained "freer-drained" sites, the less wet 
seasonally-waterlogged lands were sometimes associated with black and white 
spruce stands having a shrubby and, especially, a mossy ground vegetation, 
but more often with slow-growing, narrow-crowned black spruce with a mossy 
and ericaceous ground vegetation. The wettest sites were associated with 
flat, dwarf birch and sedge fen, and sphagnum bog. 


Slow-growing, narrow-crowned black spruce with a mossy and shrubby 
ground vegetation dominates in terrazoid-patterned lands; with much dense 
lichen accompanied by moss and ericaceous shrubs, below stunted black spruce 
not exceeding 25 ft in height; and some sphagnum bog. 
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Description of relevant F.M.I. vegetation classes. 


D. Thrifty jack pine, aspen, white birch or white spruce stands (pure or 
mixed) of fire origin, growing on well-drained upland sites. Species 
composition dependent on latitude and stage of development. Lesser 
vegetation consists of sparse to moderate shrub, herb and grass cover. 


E. An older successional stage of D. Black and white spruce predominate 
but aspen and birch may occur as minor components. Lesser vegetation 


consists of a moderate high and low layer and usually a complete 
cover of feather moss. 


F. Complete deep moss and moderate to sparse low ericaceous shrub cover 
with occasional patches of lichen. Tree cover, when present, consists 
of slow-growing, narrow-crowned black spruce which rarely attain 


heights in excess of 50 feet. This type occurs on poorly-drained 
upland or lowland organic sites. 


G. Dense lichen, moss and sparse to moderate ericaceous shrub growth with 
sphagnum and sedges in wet depressions. Stunted black spruce and 
minor amounts of larch may occur as open stands never exceeding 25 feet 
in height; found on very poorly drained upland flats with peat plateaus 
interspersed by wet depressions. 


I. Dwarf birch-sedge fen, generally flat and very poorly drained. 
J. Sphagnum bog, found on a flat very wet (often circular) treeless, 


thermokarst feature. This type commonly occurs in association with 
Classes: F, Gor L. 


Susceptibility classes for Proportions (%) of vegetation classes 
Land Systems D E F G I J 

Freer-drained mineral soils 4l 39 20 

Seasonally waterlogged lands 7 Z5 39 i 14 

Terrazoid-patterned lands 50 33 5 t2 

Linear-patterned lands 2, ips: 


eens 2 ee ee 


Bice oss = correlation of susceptibility classes for Land Systems, with 
current vegetation classes (of F.M.I.). 


Sass 


Linear-patterned lands contain the greatest extent of dense lichen 
with moss and ericaceous shrubs below severely stunted black spruce, and some 
slow-growing and narrow-crowned black spruce with a mossy and shrubby ground 
vegetation. Presumably, the correlation of lichenous land is with the low- 
broad ridges between sub-parallel runnels, and mossy, black spruce lands with 
the runnels. Similar rational interpretations can be made for the other Land 
System groups, yielding a reasonable correlation between the two surveys, each 
enhancing the environmental detail for the other. 


7.2 Correlation with survey of disturbed sites. 


An insufficient number of disturbed sites were examined in the study- 
area to allow a detailed correlation. However, there was a useful correlation 
of species that pioneered disturbed sites and the four groups of Land Systems. 
Grass often pioneered disturbed sites where freer-drained mineral soils occurred 
on terrace and ridge sites, and sphagnum eventually grew thickly on seasonally 
waterlogged lands where they had been disturbed. Sedges and willows usually 
pioneered disturbed sites in terrazoid-patterned lands whereas, because of gully 
erosion down slopes, vegetation had great difficulty in re-establishing itself 
in linear-patterned lands. 


7.3 Correlation with the Canadian Wildlife Service's survey of wildlife habitats. 


The open, gently sloping, black spruce-lichen forest of Land System 12 
occurring mostly on slopes facing around northeast, generally to the east of 
mountain ranges, appears to be a suitable habitat for caribou. The rich lichen 
vegetation supplies excellent forage. The caribou range associated with, for 
example, the McConnell Range of mountains extends from east of the Range during 
early winter, to the basal eastern slopes of the Range during late winter, and 
possibly on to the Range during summer. 


7.4 Relevance of landscape survey to other areas 


Some of the results of this study will be applicable to other areas, 
but it is primarily the methodology developed for the Mackenzie River Valley 
that has greatest relevance to other areas. A reasonable air-photograph coverage 
is essential to ascertain the compatibility of results between areas, and to 
undertake further landscape surveys. The methodology can be kept sufficiently 
flexible to incorporate such contingencies as a scarcity of surficial geological 
data, or the need to define new landscape units. However, in the long term it 
would be convenient if the basic classification structure remained unaltered. 
The scale at which the final maps are presented can be adjusted to suit the scale 
of air photography and ground checking. Since the construction of the maps involve: 
aspects of geomorphology, drainage, pedology and vegetation (where relevant), 
they should form suitable base maps for other work. 


8 CONCLUSIONS 


The study-area is generally cool, with a small precipitation (about 
15 inches per annum). Though it occurs within the so-called "discontinuous 
permafrost" zone, "continuous permafrost" extends southwards into the study 
area, encompassing the Mackenzie River at least as far as latitude 63°41'. 
The tundra occurs at high elevations in the northwest. 


= Sul = 


Much of the study area is underlain by calcareous strata, though 
locally sandstones and conglomerates crop out and give rise to qe erise 
landforms. Till mantles most of the area, except where the Mackenzie 
Mountains form rugged terrain along the western border. Lacustrine deposits 


occur either side of the major rivers, one area in the north and the other 
in the south of the study area. 


Maps are necessary to convey efficiently the maximum information 
to users of the report. They are based on air-photograph interpretation, 
checked by ground inspection. The maps show the distribution of landscape 
units, or vegetation-landform patterns that can be identified on air- 
photographs, and which have significance in terms of the permafrost 
character. There are four basic kinds of terrain; forested, freer-drained 
sites; seasonally waterlogged sites with Sphagnum; sites with permafrost 
close to the land surface which have a lichenous vegetation with a terrazoid 
pattern and low relief; sites with permafrost close to the land surface which 
have a lichenous vegetation but are linear-patterned and sloping. 


The distribution of frozen and unfrozen land was used to climatically; 
zone the study area, a zonation best illustrated by the soil type characterizing 
the freer-drained sites (alluded to above) in each zone. Horizontally layered, 
podzolized soils are indicative of a climate in the south, sufficiently warm 


to allow bio-chemical activity, whereas cryoturbated soils showing a vertical 
component in profile layering are indicative of a cool climate in the north 


of the study area where there is not much significant bio-chemical activity 
imgethe soil. but much frost—heaving. 


Creat Bear and Great Slave Lakes to the east of the study area 
appear to have created a local mesoclimate warmer than that prevailing 
elsewhere at the same latitudes, and distinctly different from the colder 
climate associated with the Mackenzie Mountains to the west of the study 
area. 


The basic units delineated by the geologists have been incorporated 
into the classification, with a particular emphasis on the distribution of 
fine- and coarse-textured substrates. A greater proportion of the lacustrine 
deposits are coarse-textured than the morainal deposits, and frozen land is 
less extensive on coarse-textured deposits. 


Seasonally waterlogged lands are most extensive in the south. 


Landscape units sensitive to damage from uncaring traffic become progressively 
more widespread northwards. The linear-patterned, sloping lands are liable 


to be most damaged because gully erosion often follows thermal subsidence as 
the permafrost table melts and lowers. The re-establishment of vegetation is 


slow. 


9 IMPLICATIONS AND RECOMMENDATIONS 
G21 “Relevance to scientific studies 


: The maps are intended to make as objective as possible the 
determination of the distribution of different terrain-permafrost relation- 


ships. The distribution of these different relationships is used to help 
zone the study area climatically. Current concepts of the continuous and 
discontinuous permafrost zones require some modification in the light of 

this study. The continuous permafrost zone extends southwards on uplands, 

on both sides of the Mackenzie River, especially on the west side, but not 

in the vicinity of the Great Bear and Great Slave Lakes east of the Mackenzie 
River which appear to create their own local mesoclimate. 


Maps incorporating aspects of geomorphology, drainage, permafrost, 
pedology and vegetation must, by their nature, involve many compromises 
in the character of the information they are intended to convey. To maximize 
this information without creating contradictions within the classification 
supporting the maps is the art of map-making. A further constraint to the 
amount of information that can be conveyed by these maps is their derivation 
from landscape patterns that can be recognized in air-photographs; a 
constraint introduced for very practical reasons. However, it is intended 
that these maps should form the basis for correlations between the several 
disciplines involved within the Mackenzie Valley study. Where possible, 
some of these correlations have already been undertaken and have been 
reported. 


Most evidence observed within the study area suggests that the 
permafrost has been degrading; more so in the south, little in the north 
of the study area. In generally frozen terrain, summer pools are enlarging 
and causing the subsidence of blocks of land, carrying trees into the pools 
and killing them. This is particularly associated with southern lowlands; 
at one locality north of Fort Simpson an extensive area of once-frozen peat 
plateau had disintegrated, leaving widely scattered and isolated peat "hags". 
Also, hummocky terrain extensive in Land System 9 must have originated 
during some colder period in the past. Now, they are no longer active, 
but are fossil structures. 


This survey was undertaken, in the first place, to augment 
information collected by the Geological Survey of Canada. 


9.2 Relevance to pipeline construction 


Although the study area is supposed to occur entirely within 
the discontinuous permafrost zone (Brown, 1967), this is too simplistic 
an appraisal. The study area reaches from southern lands near Great Slave 
Lake where frozen substrate is mostly confined to peat plateaus and where 
a greater part of the area is relatively permafrost-free, seasonally 
waterlogged land, to lands in the north of the study area near Great Bear 
Lake where there is permafrost generally at about 40" depth, to upland 
areas on both sides of the Mackenzie River where the permafrost occurs 
close to the land surface. At the highest altitudes in the north there 
occurs alpine tundra, equivalent to the arctic tundra. Hence, within the 
study area there occurs every possible mixture of frozen and unfrozen land 
types, making this part of the Mackenzie River valley highly unpredictible 
from place to place and so the most vulnerable to damage by uncaring traffic. 
The results of the study are presented in the form of maps showing the 
distribution of different terrain types characterized by different permafrost 
relationships. 


Boy eee 


The 1:600,000 scale map is intended to give an over-view of the 
study area, with particular reference to the distribution of four classes 
of terrain susceptibility to damage. The map is intended for regional 
planning, and is illustrated as completely as possible so that it can be 
separated and used independently from the report. It can be used for 
reconnaissance-type appraisals, and as a precursor to the report and large- 
scale maps. The three large-scale maps on the scale of 1:250,000 are 
intended for more precise work. For each delineated area they show the 
Land System occurring in at least 80% of the whole area. Where a small 
parcel of land is exceptional, the report contains stereograms and 
descriptions so that the map-user can determine the true nature of the 
terrain he is standing on. 


9.3 Judged assessments 


Recent statements by pipeline and highway constructors indicate 
that the engineers involved consider that they can use southern techniques 
at least as far down the Mackenzie River valley as Norman Wells, north of 
which settlement they anticipate the necessity of increasingly modifying 
their southern techniques so as not to damage the permafrost terrain. 
However, this survey reveals that, away from large lakes such as Great Bear, 
the continuous permafrost zone extends further south than has been previously 
recorded, and engineers will encounter problems associated with continuous 
permafrost as far south as latitude 63°40'. In this region slopes with 
near-surface permafrost, the most easily damaged terrain, encroach seriously 
on the river valley. If such land is to be avoided, transportation lines 
will have to be routed either close to the river banks which are, however, 
liable to slumping because of anthropogenic or natural causes, or near the 
top of the linear-patterned slopes so as to intersect as Avie Les of cee 
downslope linear drainage pattern as possible. If placed on middle or lower 
slopes, severe ponding will occur on the up-side of the transportation line 
each spring, with the consequent great risk of wash-outs and thermal effects 
in the soil, and continuous, heavy maintenance costs. The sub-parallel 
drainage runnels are sufficiently close in many places, for example, to 
make the placement of highway culverts an impractical solution. 


South of this "high-risk'"' region, to Fort Simpson at least, though 
seasonally waterlogged lands are extensive, the scattered presence of areas 
of terrain with near-surface permafrost requires cautious routing of 
transportation lines. Some of these frozen lands, in fact, are intricately 
patterned with and without near-surface permafrost, in a way which excludes 
the practical possibility of construction technique modification to suit 
local conditions unless, for example, a continuous berm buries and insulates 
the highly variable landscape. If such a berm carries a refrigerated line, 
there may be complications (where insulation is insufficient) of freezing 
normally unfrozen substrate in the landscape. This would upset the natural 
drainage established in the landscape by a dynamically evolving system. 
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Since knowledge of the North is severely limited, especially with 
regard to precisely what happens after every kind of intervention within 
natural systems, and still more as to what remedial measures are effective 
in restoring stability to differently damaged areas, predicting events 
subsequent to disturbance is speculative. To describe them as speculative 
is not to imply that they are unimportant; on the contrary, since the 
knowledge is not available, even greater caution is needed to avoid disturbance 
of natural landscape systems in the first place. 


10 NEEDS FOR FURTHER STUDY 


The survey has been based on landform-vegetation patterns that can 
be identified in air-photographs so that mapping can be extrapolated beyond 
the study area. Now that work in the study area has been completed, both 
regarding relevance to scientific studies and pipeline construction, it is 
highly desirable that this survey is extrapolated into the areas of immediate 
interest to the goals set for this Mackenzie Valley Study. Outside the area 
of reasonable extrapolation, further ground checking will be required. It 
is intended to use the maps, as much as possible, for correlation between 
different disciplines involved in the area. 
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slumping after fire (top—right): thermal subsidence after line@ 
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erosion after similar damage on slope (left). Negative enclose@ 
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vegetation classes. 
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Parts of air-photographs AL7624—-50 51,52. Negative enclosed. 
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Copy tie ht. . | 
| 
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Paies. ot ~air=-photographs AlZ26G09-—4277 471542017) Negative, enclosed. 
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Paces of air-photographns’ AlZ602—26,277,28. " Negative enclosed, 


Peon yp eStereogram, illustrating principally landscape units [4 and 13% 
Parts, Of air-photographs AL2148=143 142) 141) | Negative, enclosed. 
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enclosed. 


Mapmeescalticeabout 1:600,000; terrain susceptibility to” damage for the 
Sstudy—areéea’. Reverse-image, vellum positive in attached cylinder. 


Mameescale about 1:250,000; landscape survey for the study-area between 
latitudes 60 and 62°N. Reverse-image, vellum positive in 
eae nved. Cylinder. 


Mepwe scaler about 1: 250.000; landscape survey for =the sttudy=areaspetween 
Patitudes 60° and 64 N. Reverse-image, vellum positive in 
aiebacied. Cy 1 nde is 


Map eescabe rabpout 12250 ,000; landscape Survey for thevstudy—-area between 
latitudes 64 and 66 N. Reverse-image, vellum positive in 
attached» cylinder. 


Figure 5. Selected soil profiles, illustrating decreasingly podzolized soils (from top-left to top-right), to increasingly 
cryoturbated soils (bottom). 
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LANDSCAPE SURVEY AND TERRAIN SUSCEPTIBILITY TO DAMAGE 
FOR THE SOUTHERN AND CENTRAL MACKENZIE RIVER VALLEY 


WITH SPECIAL REFERENCE TO THE DEPTH OF THE ACTIVE LAYER, SLOPE AND TEXTURE 
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*GROUPING OF SIMILAR LANDSCAPE UNITS 


LEGEND 
LAND The first digit of each full unit symbol gives the Land Region or 
GROUP SYSTEM GENERAL CHARACTER climatic zone; the second digit the Land District or surficial 
No. 


geology, and these are shown on the map in large numerals. The 
small numeral indicates the Land System or landscape unit: in 
Most cases this information is shown separately on the map. 


Land region Land district 


437 Land region 


ns Land district 
Land system 


14 _| Hilly moraine and finely lineated slopes with 
near-surface permafrost. 


Land system 
13. | Rocky plateaus, and finely lineated slopes 


All major areas have been identified in terms of the dominant 
with near-surface permafrost. landscape unit number. The order of landscape units in the legend 
(1-14) is generally that of susceptibility to damage, though local 
conditions can change the relative position, Hence, the land- 
scape units have been assigned to four groups for susceptibility to 
damage from careless traffic. A broad regional appraisal can be 
Mads by viewing) only the distribution: of these {our groups, A 
more detailed assessment can be made by examining the distri- 
bution of individual landscape units, and for this purpose a briet 
description of each unit is given in the table below the legend. 
The legend gives the general tree height and typical ground vege- 
tation associated with the different land systems. 


NARRATIVE 


Gentle, coarsely lineated’ slopes with near 
surface permafrost. 


1 


41 | Moderate, finely lineated slopes with near- 
surface permafrost. 


| 
KEY MAP 118 


LINEAR-PATTERNED Stopes 
A 
Nn 


Steep, lineated slopes without near-surface 


PEATY LANDS 


6 | permafrost. 
Hummocky peat plateaus with lichen and 
10 near-surface permafrost, and scattered de- 
pressions containing summer pools. 
9 Hummocky, peaty mineral soils with near- 


surface permafrost. 


TERRAZOID-PATTERNED 


depressions containing summer pools. 


Peat plateaus with labrador tea, locally 
with near-surface permafrost, and scattered 


The area shows great variation from south to north. On sites with 
freer drainage in the south soil profiles show chemical weathering, 
whereas in the north physical weathering is dominant. Maximum. 
podzolization occurs in Land Region 6, and maximum cryoturba- 
tion in Land Region 1, in the alpine tundra on mountain plateau 
tops in the northwest, The more freely drained terrace soils of 
Land Region 2 are also generally frozen. They occur in the 
northwest, where the Mackenzie Mountains impinge on the area, 
and in an outlying site on high plateau land northeast of Wrigley 
and east of the Mackenzie River. In Land Region 3 the summer 
permafrost table is near the land surface, except in mineral soils, 
Lands of this region occur on mountain plateaus on the western 
border of the area, and east of the Mackenzie River on the 
Norman and McConnell ranges, the Ebutt Hills, and Horn Plateau, 
There are outlying sites on the top and northern slopes of the 
Martin Hills, and as far south as the cool, Northeastern slopes 
overlooking Trout Lake, 
The summer permafrost table of Land Region 4 is moderately 


Near the surface of seasonally waterlogged lands. This region lies 
in the lowland: 


Wrigley, along 
northern side o} 


Y in isolated sites, and 


Unfrozen sites with freer drainage are also important for 
transportation. These are usually treed, and in the south support 
the best stands of white spruce, jack pine, or trembling aspen 
(especially after fire) in the area (Landscape Unit 2). Most lands 
of this type border the rivers, but bank-slumping may make sites 
very close to rivers hazardous for transportation lines. They also 
occur on slopes of morainal or glaciofluvial material and ridges of 
Various kinds. The mineral soils may be frozen (Landscape Unit 7), 
especially on terraces in Land Regions 1 and 2, or they may be 
shallow over bedrock (Landscape Unit 1) 

Slopes usually have a lineated drainage pattern and are the 
land’ type most likely to erode, The problem of erosion is more 
severe in the north, where the permafrost table occurs near the 
Surface of slopes (Landscape Unit 11), than in the south, where it 
generally lies deeper (Landscape Unit 6), On gentle slopes where 
the organic layer is thick (Landscape Unit 12) and the permafrost 
table is close to the lichenous surface of the slopes, erosion may 
be severe if the land is badly handled. Slopes on hilly moraine in 
the north (Landscape Unit 14) or on mountains (Landscape 
Unit 13) can be equally hazardous 

LANDSCAPE 
The landscape survey is based on air-photo interpretation, 
checked by ground observations, Patterns of landforms (drainage) 
plus vegetation have been delineated that can be identified on 
air photographs and are in 


These patterns can 
PAT ete tee 


Bie 


2 thormol subsidence 


"GROUPING OF SIMILAR LANDSCAPE UNITS LEGEND 
j = The first digit of each {ull unit symbol gives the Land Region or 
| CAND climatic zone; the second digit the Land District or surficial 
GROUP SYSTEM GENERAL CHARACTER geology, and these are shown on the map in large numerals. The 
| NO: . = = small numeral indicates the Land System or landscape unit; in 
! | most cases this information is shown separately on the map. 
14 _| Hilly moraine and finely linested slop Landiregtons Land district Pen 
! AMD ; ~ ZL 9 
I near-surface permafrost. 43 eaaistriet 
‘ Land system 


Rocky plateaus, and finely lineated slopes 
with near-surface permafrost. 


Gentle, coarsely lineated slopes with near 
surface permafrost. 


VW 


LINEAR-PATTERNED SLOPES 


Moderate, finely lineated slopes with near- i 
surface permafrost. 


Nera 
Av 


"i 


Steep, lineated slopes without near-surface 
permafrost, 


10 


Hummocky peat plateaus with lichen and 
near-surface permafrost, and scattered de- 
pressions containing summer pools, 


Hummocky, peaty mineral soils with near- 
surface permafrost. 


TERRAZOID-PATTERNED 
PEATY LANDS 
© 


Peat plateaus with labrador tea, locally 
with near-surface permafrost, and scattered 
depressions containing summer pools. 


Drumlinoid terrain and intervening season- 
ally waterlogged lands, locally with near- 
surface permafrost. 


Seasonally waterlogged lands with near- 
surface permafrost. 


SEASONALLY WATERLOGGED 
LANDS 
- 


Seasonally waterlogged lands without near- 
surface permafrost. 


Freer-drained mineral soils with near-surface 
permafrost, 


Freer-drained mineral soils without near- 
surface permafrost. 


MINERAL SOILS AND 
ROCK OUTCROPS 
n 


Mountain rock outcrops and screes. 


Stereograms in text photo-miniatures for quick correlation. 


Land system 


All major areas have been identified in terms of the dominant 
landscape unit number, The order of landscape units in the legend 
(1-14) is generally that of susceptibility to damage, though local 
conditions can change the relative position. Hence, the land- 
scape units have been assigned to four groups for susceptibility to 
damage from careless traffic. A broad regional appraisal can be 


made "by" viewing -only-the distribution: ofthese »four-groups.-A — 


more detailed assessment can be made by examining the distri- 
bution of individual landscape units, and for this purpose a brief 
description of each unit is given in the table below the legend. 
The legend gives the general tree height and typical ground vege- 
lation associated with the different land systems. 


NARRATIVE 

The area shows great variation from south to north. On sites with 
freer drainage in the south soil profiles show chemical weathering, 
whereas in the north physical weathering is dominant. Maximum 
podzolization occurs in Land Region 6, and maximum cryoturba- 
tion in Land Region 1, in the alpine tundra on mountain plateau 
tops in the northwest. The more freely drained terrace soils of 
Land Region 2 are also generally frozen. They occur in the 
northwest, where the Mackenzie Mountains impinge on the area, 
and in an outlying site on high plateau land northeast of Wrigley 
and east of the Mackenzie River. In Land Region 3 the summer 
permafrost table is near the land surface, except in mineral soils. 
Lands of this region occur on mountain plateaus on the western 
border of the area, and east of the Mackenzie River on the 
Norman and McConnell ranges, the Ebutt Hills, and Horn Plateau, 
There are outlying sites on the top and northern slopes of the 
Martin Hills, and as far south as the cool, northeastern slopes 
overlooking Trout Lake. 

The summer permafrost table of Land Region 4 is moderately 
near the surface of seasonally waterlogged lands. This region lies 
in the lowlands on both sides of the Mackenzie River north of 
Wrigley, along the eastern border of the area southward to the 
northern side of Horn Plateau, and in an outlying area of cold, 
depressed land south of Horn Plateau. Great Bear and Great 
Slave lakes, near the eastern border of the area, have created a 
local climate that produces isolated areas of cooler land (Land 
Region 3) close to the lakes. In Land Region 5, the summer 
permafrost table is near the surface only in isolated sites, and 
large areas are seasonally waterlogged. This region, like Region 4, 
is located mainly in the south and east, occurring in lowlands on 
both sides of the Mackenzie and Liard rivers and round Horn 
Plateau. Land Region 6 is found only in the south. 

Silty-clayey morainal deposits (Land District 1) are most wide- 
spread in the east and south of the area, away from the rivers. 
Sandy or gravelly deposits (Land District 2) occur in local sites 
such as the north side of Cameron Hills. On both sides of the 
Mackenzie and Liard rivers in the south, broad expanses of 
silty-clayey lacustrine deposits (Land Deposit 3) are remnants of a 
single, large, glacially impounded lake. Another impounded lake 
in the north has also left extensive lacustrine deposits. In local 
areas the deposits are sandy and gravelly (Land District 4). The 
lacustrine material of both glacial lakes has been locally re- 
sorted by wind in postglacial times, to form areas of sand dunes 
(Land District 5). A thin layer of morainal material over bedrock 
is common in the mountains (Land District 6). 


A belt of seasonally waterlogged lands lies along the Mackenzie 
River throughout the area, broken only north of Wrigley where 
mountain slopes approach both sides of the river. It is widest in 
the southeast (Landscape Unit 3). then narrows until in the north 
(Landscape Unit 4) it is restricted by mountains west of the 
tiver and spreads out on flat lands to the east. In Landscape Unit 4, 
although the surface is waterlogged the permafrost table is closer 
to the surface than in Landscape Unit 3. Also, land of Unit 4 is 
more frequently mingled with areas where the depth to permafrost 
is so shallow that the surface is dry in summer and suppons 
lichens (Landscape Unit 9). A thick, crisp mat of lichens (Land- 
scape Unit 10) occurs where frozen peat has built up sufficiently 
for the soils to be classed as organic. In the south these peat 
plateaus, generally associated with Labrador-tea (Landscape Unit 
8), are largest on the plateau lands of Land Region 6. In all parts 
of the area, peat plateaus are most widespread on morainal or 
lacustrine deposits (particularly the latter) that are silty or clayey. 
This makes sandy and gravelly areas important for transportation 
lines. 


Unfrozen sites with freer drainage are also important for 
transportation. These are usually treed, and in the south support 
the best stands of white spruce, jack pine, or trembling aspen 
(especially after fire) in the aea (Landscape Unit 2). Most lands 
of this type border the rivers, but bank-slumping may make sites 
very close to rivers hazardous for transportation lines. They also 
occur on slopes of morainal or glaciofluvial material and ridges of 
various kinds. The mineral soils may be frozen (Landscape Unit 7), 
especially on terraces in Land Regions 1 and 2, or they may be 
shallow over bedrock (Landscape Unit 1). 

Slopes usually have a lineated drainage pattern and are the 
land type most likely to erode. The problem of erosion is more 
severe in the north, where the permafrost table occurs near the 
surface of slopes (Landscape Unit 11), than in the south, where it 
generally lies deeper (Landscape Unit 6). On gentle slopes where 
the organic layer is thick (Landscape Unit 12) and the permafrost 
table is close to the lichenous surface of the slopes, erosion may 
be severe if the land is badly handled. Slopes on hilly moraine in 
the north (Landscape Unit 14) or on mountains (Landscape 
Unit 13) can be equally hazardous. 

LANDSCAPE 

The landscape survey is based on air-photo interpretation, 
checked by ground observations. Patterns of landforms (drainage) 
plus vegetation have been delineated that can be identified on 
air photographs and are indicative of permafrost characteristics. 
These patterns can be used in Mapping lands outside the original 
area by air-photo interpretation alone, which increases the value 
of the survey and provides a basis for possible extension of the 
area of interest. 


LAND REGIONS 


Land Regions are equivalent to climatic zones in several ways. 
They are characterized by soil types on the sites with freer drain- 
age (terrace and river banks, morainal and glaciofluvial ridges) 
that range from podzolized soils in the southernmost part, Land 
Region 6, to cryoturbated soils in the northernmost, highest area, 
Land Region 1. Also, the regions differ in the proportions of 
seasonally frozen and unfrozen land. Hence, land susceptible to 
damage from careless taffic becomes progressively more wide- 
spread from south to north; lineated slopes are the most easily 
harmed. 
LAND DISTRICTS 


Land Districts are based on surface geology maps produced by 
©. L. Hughes, R. J. Fulton, N. W. Rutter, and P. T. Hanley (Geo- 
logical Survey of Canada). Predominantly silty and clayey deposits 
of morainal and lacustrine material have been delineated separ- 
ately from sandy and gravelly deposits. Silty and clayey deposits 
form the most extensive frozéfléreas, which are the most sus- 
ceptible to damage 
CORRELATION 


A count based on the standard Mercator grid was used for cor- 
elation with vegetation maps produced by W. L. Wallace (Cana- 
dian Forestry Service). This conelation provided information on 
general tree heights, and confirmed observations on associations 
of general ground vegetation and landscape units (Land System). 
Correlations with R. M. Strang’s investigations of disturbed sites 
revealed the vegetation normally established on each landscape 
unit after disturbance 

The data for this report was obtained from investigations 
carried out under the Environmental—Social Program, Northern 
Pipelines, of the Task Force on Northern Oil Development. 
Government of Canada. 
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- LAND DISTRICTS (2nd digit) LAND SYSTEMS (3rd digit) 
LAND RESTON Sst digit) (dominant parent material) "(landscape unit: composite of landform, drainage and vegetation) 
1, silty-clayey morainal 
Characterized by the soils on the most constantly similar sites from Region 2, sandy-gravelly morainal mostly white mostly white i 
fo Region) the. {reer-drained| mineral soil sites. ‘The (profound ‘clineatie aRaityeclevevilecuetinols spruce, up to —spruce, up to mostly scattered) black Widelyiecatiered |e) 
change from the tundra Mackenzie Mountain Land Region in the NW, 4, sandy-clayey lacustrine _ io ft. high 50 ft. high eee CED OUSES HED 
to the boreal Trout Lake Land Region in the S, is best illustrated by: . eo! jerbaceous- dgy- Qh = ji 
legion in the S, is best illustrated by: B pallens oe rock flora aay BphaGneraaue ee (sphagnaceous in surficial runnels, sneer e PRES 
Cryoturbation processes dominant, 1. MACKENZIE MOUNTAIN 
siving vertical layering in the. soi "Turbic” regosol 16 161 167 1613 
profile: 
21 211 214 215 216 7 
2.CARCAJOU CANYON 22 225 z bee Byron [zt elie eee ees 
Cryic regosol Be 241 245 247 249 2410 2413 
6 261 265 267 269 2610 2611 2612 2613 | 2614 
BORNE a 311 al 2 314 Sy 5 316 318 313 3110 | 3111 | 3112 3113 
Sayers" < -- 2 5 
Alpine eutric brunisol 33 33 2 33 4 $38 | 339 3310 Sau 3312 
36 361 | 362 364 | 365 | 366 362 | 369 3610 | 3611 | 3612 | 3613 
a 411 | 412 414 | 415 | 416 Me | 419 | 4110 | ata | ati <a 
4. NORMAN WELLS a26 | oi 
Degraded evtric brunisol 43 SST oe SS aU SO AS ees < 
44 442 444 S 
45 452 454 _|| 455 all Ao 
51 511 | S12 | 512 Bis | B16 et a Zee 
523 5 6 <8 
5.FORT SIMPSON Pe 532 | 533 53.6 536 AS 
Degraded dystric brunisol 54 542 | 54a 546 ae 
55 553 se 
56 561 | 562 | 563 566 568 Kor lL 
i i ; 61 611 | 612 | 613 615 | 616 616 vw 
Pedological processes dominant, giv- 6. TROUT LAKE 62 622 | 623 625 | 626 626 — 
ing horizontal layering in the soil “Podzolized’’ dystric brunisol 63 63 3 636 <i 
‘ 
profile. | 64 642 | 643 648 ill [ 
1 2 3 4 5 6 7 8 9 10 n 12 13 14 


“For identification of Land Systems, see “Grouping of similar Landscape Units’ 


LEGEND FOR Least susceptible Moderately susceptible Strongly susceptible Most susceptible 
LANDSCAPE ‘ i fl M R p 
i ops | Steeply sloping to flat Steeply sloping to flat lostly flat lands, except for peripheral Sloping lands wit 
Mountainoutcrops) | eee withthe summer | lands, with the summer | blutisy wit nas cummer permafrost | frost table at ees’ summer perma 


SURVEY AND DAMAGE about 10°-30" depth. 


ermafrost table at about = 
IF lative and organic cover 


frost table at about 
Bor depth org 30°-60" depth, locally irre- 


table at abou 10°-30" depth, more 
60” depth or greater; locally 


After the veget 
widespread where textures are silty. 


roeh is pierced by i 
SUSCEPTIBILITY ice lenses nearer the sur- | gulerly distributed, suscep- | After the vegtinive ond organic cover | permafrost (4 bro paaing, agent, the 
MAP face. Not especially sus- tible to damage where the is pierced by 4 damaging agent, the 10'-36", and guliying ektcorg about 
ceptible to damage, except | permafrost table or ice | permafrost tapie lowe's ffm about | severe and widesprond nesion can be 
where ice lenses are near lenses occurring locally 20"-36", atyrally-occurring depres- usually leaving 


(based on landscape sur- 
veys in the southern and 
central Mackenzie River 
valley during 1971 and 
1972, using air-photo inter- 
pretation, supplemented by 
ground observations) 


near the land surface allow 
the possibility of thermal 
subsidence, and where 
slopes, for example those 
dropping to rivers, allow 
gully erosion, Sphagnum 
mosses often pioneer dam- 
aged areas. 


= (re) 


(Betore averaging, all depths measured to the permafrost table wore adjusted ig Twpig. august value) 
mid 


bare ground. Once the then i 

12 grOL mal insu- 
lation given by the vegetative ford 
Organic cover is removed from a suffiz 
ciently large area, the erosional pro- 
cess can be self-perpetuating, until the 
slopes’ become’ stable enough. for 
revegetation to commence, 


the land surface when ther- 
mal subsidence may occur. 
Grassy flora often pioneers 
damaged areas 


SIONS enlarge through thermal sub- 
sidence, ang gullying erosion may 
OCCUF ON peripheral bluffs. Sedges and 
willows Often, pioneer damaged areas. 


not 
differentiated 
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All major river banks in Land Re 

gions 5-1 are 
suscoptible to damage. Corrosion ropoatedly 
‘exposes minoral soil and any frozen ground 


Prosont. resulting in slumping, to a dogreo 
portly dependent on the sedimentary layering, 
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LAKES 


LINEAR- PATTERNED SLOPES. 


GROUP syattM 


“GROUPING OF SIMILAR LANDSCAPE UNITS 


GENERAL CHARACTER 
NO. 


Hilly moraine and finely linsated slopes with 
14 | near-surtace permafrost 


Rocky plateaus. and finoly lineated slopes 
13 | with nesr-surfaca permafrost. 


11 | Moderate, finety lineated slopes with near- 
surface permafrost 


Steep, linoated slopes without near-aurtace 
permafrost 


TERRAZOID-PATTEANEO 


PEATY LANDS 


| 
| 


Hummocky peat plateaus with lichen and 4 


10 | neai-surfaco pormatiost and scattered do- 
pression’ containing summer pools 


Hummocky, peaty mineral salts with naar- 
9 | surtaco pormafror. 


Peat plateaus with labrador tea, locally 
with noar-surtace parmaliost and scattered 
dapressions containing eummer pools 


SEASONALLY WATERLOGGED. 


Drumtinoid terrain and intervening swason- 
5 | ally waterlogged lands, locally with near- 
curfoce permafrost 


Seasonally watologged lands with noar- 
4 | surace permatros. 


Seaconally watarlogged lands without no: 
3 | surface permafrost. 


MINERAL SoiLs ANO 


ROCK OUTCROPS 


Froer-drained mineral soils with near-surface, 
permafrost 


Froat-diained mineral soils yithout near- 
2 | surface permatrost 


1 | Mountain rock outcrops and scroes, 


12. | Gentle, coarsely lineated slopes with near 
surface parmafrost 


‘Stoveogroma in tant: photo-minlatules for quick conelation. 


SUSCEPTIBILITY TO DAMAGE 


MACKENZIE RIVER VALLEY 


WITH SPECIAL REFERENCE TO THE DEPTH OF THE 
ACTIVE LAYER, SLOPE AND TEXTURE 


Seale 1:250,000 Echelle 


Landecape Survey By CB, Cramton, Maps compiled by CB. Crampton and 
NOR Rees Canadian Forestry Service: Deparsnest of tha Emvrcnment. fot 
ha, Enyvonmental—Seelal Program Nother Pipelines. Task Force on 
Nonhen OW Development. Government of Canada 


‘Sol Research Inativtn, Research Branch. Canada Orpen 
973 


Th first digit of each full unit symbol gives the Land Region or 


LAND REGIONS 
climatic zone: the second! digit the)Lnd District or surficial 


Pores Ls gional oe care oto eis roe Un ene wer 
geloay, and these are shown on tb rapinavge numeraia The Those ™nurctensed by sol pes on he ses wih Foor iat: 
ants ne Land Syetem or landscape unit In aga (teerac_and river banks, moreinal and glaciofluvial ridges) 


‘most cases this information is shown separately on the map. 
Land region 


that range trom podzolized soils in the southemmort par, Land 
Region 6. to crycturbated soils in tha northernmost highest rea, 


AIS Land Region 1, Also, the regions differ in the proportions of 
43 ‘seasonally frozen and unfrozen land, Henca, land susceptible to 
damage from careless traffic becomes progressively more wide- 
{ ‘spread from south to north; linsated slopes are the most easily 
harmed. 
Land System (AND DisTRICTS 


Land Districts are based on surfsce geology maps produced by 
Q.L Hughes, R. J: Fulton, Ni W. Rutter, and P.T. Hanley (Geo 
Jogical Survey of Canada}, Predominantly silty and clayey deposits 
of movainal and lacustrine material havo boon delineated sopar 

ately (rom eandy and gravelly dapoalts. Silty and clayay deposita, 
form the most exiancive [foran areas. which are the most sus- 


\Sestee Wo aarroge 
CORRELATION 

A coum baved on tha wandard Mercator gid was Used for cor 
relation with vegettion maps produced by W.UWallece (Cena 
ian Forestry Service), This correlation’ provided Information on 
general trea heights. and confirmed observations on assaciatlon’ 
‘af general ground vegetation and landscape units (Land System) 
Correlations with R. Ml. Strang’s investigations of disturbed sites 
revealed the vegetation normally eztablished on each landscape 
unit after disturbance 

Tho data for this repom was obtained from investigations 
carried out under the Environmental—Social Program, Nother 
These pattems can be used in mapping lnds outside the original Pipelines, of the Tesk Force on Northern Oil. Development. 
area by air-photo interpretation alors. which increases the vale Government of Canada, 
of the survey and provides 3 bass for possible extension of the 
‘area of interest 


description ofeach the 390)0ypical ground vege 


ystems. 


F LANOSCAPE 
Tho landscaps survey is) based on w-photo interpretation 
checked by ground observations. Pattees ef landforna (@rainage) 
lus vegetation| have been delineated fat can bs ldentified on 
air photographs and are indicative of gematrost charscteistics, 


LANDSCAPE SURVEY AND TERRAIN 


FOR THE SOUTHERN AND CENTRAL 


F LAND DISTRICTS (2nd digit) LAND SYSTEMS (3rd digit) 
LAND) REGIONS | 1st ait) (dominant parent material) “(andzcape unit: composite of landlonn, drainage and vegetation) 
EEE 1. silty-clayey morainal 
Characterized by the soils on the most constantly similar sites fcam Region. 2. candy-gravelly morainal monly wfite_mastly white mostly scattered black Sealy seared blac 
to Region, the freer-drained mineral zail sites. Tho. pyofound climatic 3. sity-clayey lacuswina > spruce. up to sauce, up to upto 25 ft high jeaup 10 18M Nigh ——> 
change rom the tundra Mackenzie Mountain Land Region in the NW, 4, sandy-clayey lacustrine a GU eee . SAUTE 
(0 tho boreal Trout Lake Land Ragin in tho S. is best Mustated by 5. eollon ea yerbacoous- —_sedgy= sphognaceous- epncgnaescs (naietel 
\ o] ¥ SSeolon nana ra esac ee heanecres (sphagnacc ficial runnels, but otherwise increasingly lichenous) 
Cryoturbation processes dominant. 1. MACKENZIE MOUNTAIN | ] | i ] | 
profile: t i } {ee 
2 214 2a | 216 | 216 |) 217 219 | atv | 2m | zt | 20 | 218 
2.CARCAJOU CANYON 22 225 225 
Gryie regosal 24 241 245 247 249 | 2410 2413 
26 261 | | 265 267 269 2610 | 2611 | 2612 | 2613 | 2614 
xn aii || 312 )sia [ais [ats ae | 319 | 3t0 | 31m | a2 | 3109 ] 
3.HORN PLATEAU 32 322 325 32 / 
Alpine eutric brunizo! 33 332 334 330 | 339 | 3310 3312 , 
36 361 | 362 36< | 365 | 360 362 | 360 | 3610 | 361 | 3612 | 3633 | 7 
a 41 | 412 | [4ts | 41s [416 | 
4. NORMAN WeLLS 6 con || con coo |) FE | can 
Degraded uti brunisol oA raat aya 
45 452 456 
51 B17) 512 ))513 | J sts ) 510 
62 | 523 525 | 
5.FORT SIMPSON. | 53 532 | 533 536 
Degraded dysiric bruniso! 54 542 | 545 540 
55 553 
56 561 | 562 | 563 560 | 
| 61 611 ettag fers Go | Gio | 
ological processes dominant giv- ‘8. TROUT LAKE 62 622 3 5 ‘ 
Ravhorcontalgiayervo niger sail ‘Podrolized” dyatsic brunizol 63 633 636 
aie 64 642 | 643 
aa 7 2 2 < = . 7 
- “Fox idenufication of Land Systems. see “Grouping of similar Landscape Units 
ICR Gea Loast susceptible Moderately susceptible Strongly susceptible Most susceptible 
(anoscare Mountain outcrops | Stoeply sloping to flat | Steeply sloping to flat | Mastly Mla ands. except for peripheral | Sloping lands with the sunymer perma: 
Sad servos Janda,” with the summer | lands. with the summer | blutfs’ with tha summer permafrost | frost tabla at about 10"-20" depth 
VEY AND DAMAGE ermatrast table. at about con ble at about | table at about 107-30" depth. more | Alter the vegetative and organic caver 
oa 60° depth or greater: locally = | widespread wherw texures af) sity, | is pistead by 9 damaging agent, the 
fee lenses nearer the sur- Aner the vegetative and orgonie cover | permafrost ublo lowers from about 
Cee ins Toco. Not especially sus- || ble to damage where the | is pierced by a damaging egent tha | 107-36", and gullving erosion can be 
ceptible to damage, except | permafrest tabla or ica | pormatrost table lowers from about | severe and widespread, usually leaving 
where ica lenses ave near | ferses occuring locally | 20°-36", naturally-occuming depres | bare ground. Once the thermal insu- 
(based on landscape sur the land surface when ther. | peartha land surface allow | sions enlarge through thermal sub- | lation given by the vepetstive and 
voys in the southern and mal subsidence may occur | the posublity of thermal | sidenex, and gullying erosion may | organic cover is removed from a suf. 
Central) Mackenzio River Grassy flora often pioneers | suterdence, and where | occuron peripheral Dutta. Sedges and | cently large area, the erosional pro- 
allay, during 1971 and damaged areas. Slopex for example thasa | willows atten pioneoc damaged ereas. | coss can ba self-parpatuating, until tho 
1872, using at-photo inter epping. 10 rivers allow slopes becoma, stable enough (ot 
protatian, supplemented bby uly. erosion. Sphagnum revegetation to commence 
ground obcervations) troseea often pioneer dam 
ped areas 
dione e | 


(Betore averaging. all depita ceased tothe perteatroct tabla wars aust to tha mid-August valve) 


LAND REGION 
CLIMATIC ZONE 
FIRST DIGIT 
1 —MACKENZIE MOUNTAIN 
2—CARCAJOU CANYON 

3—HORN PLATEAU 
4—NORMAN WELLS 
5 — FORT SIMPSON 

6 — TROUT LAKE 


LAND DISTRICT 


PARENT MATERIAL 
SECOND DIGIT 


[A] sitry-ctayay moroinat 


[ES] sandy -orvely moraine 


s| Silty-clayey lacustrine 


[S43] Sondy-qravelly locustine 


] Shallow bedrock 
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ified in terms of the dominant 
ape unit number. The order of landscapo units in tha logand 
(1-14) is generally that of susceptibility to damage, though local 
Conditions can change the relative position. Hence, the land: 
scape units have been assigned to tour groups for susee| 
damage fiom careless waltic. A broad repional appraisal can be 
by viewing only tha pioups. A 


9 tea) 


LAND REGION 


LAND DISTRICTS 
sed on surface geole 


0. L Hu J. Fulton. Ni W. Ruttot, and 
logical Survey of Canada). Predominantly sity an 
of morainal and lacusvina materiol hove 


Silty and clayey deposits 
Which ar0 the mo 


| ately from eandy and gravelly depo! 
| form tha most extensive frozen ave: 
coptible to damage 


CORRELATION 
! A count based on the stondard Morcator grid was used for cor 
I rotation with vegototion maps produced by W. L Wallace (Cana 
{ dian Forestry Service). This correlation provided information on 
i ‘general tres heights, and confirmed observations on associations 
‘ol general ground vegetation and landecapa units (Land System), 

I Correlations with RM. Strang’s Investigations of disturbed sites 

tation normally established on each landseapo 
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LAND REGION 
CLIMATIC ZONE 
FIRST DIGIT 


1— MACKENZIE MOUNTAIN 


2-CARCAJOU CANYON 
3—HORN PLATEAU 

4— NORMAN WELLS 
5—FORT SIMPSON 

6 — TROUT LAKE 


| LAND DISTRICT 105} 
PARENT MATERIAL 


SECOND DIGIT 


1 Silty-clayey morainal 
| 
| «8 2255] Sandy-qravelly morainal 
IE 2 ly-gravelly morainal A 2 “GROUPING OF SIMILAR LANDSCAPE UNITS 
| : mm 
| SiIveclevay Isctstrinel nour system GENERAL CHARACTER 
j Sandy-gravelly lacustrine 14 Hilly moroina and finely linoated slopes with 
hant-surface pormatvoxt 
Land roaion — 
Land distiet — ri Petter Aircel 
pasion: Beuicck LEIS —= 2 | 13) | With nenrsurfece parmation 
$ 
\ aE 
2 
J | 42 | Gone, conrssly neared slopes with near 
a surlaco pormaltost 
& 
& — 
e 
LAND bist; LAND SYSTEMS (3rd digit) 3 
LAND REGION: i RICTS (2nd digit) Moderate, finaly Jineated slopea with noar- 
: 1. sity-cy j 
Charocterized by the soils on the most constantly similay sites from Region Pe a LoS mostly white mostly white a 
to Region. tha freerdrained mineral sollaten. The: profound elena | 3, ner ave morainal only white _moty white monty scatigd ack ______ daly catered ac 
honge tom the undea Mockense Mounain Land Region Inthe NW aiaetey caaiinels Bae Spruce up 10 25 ft. hial spruce up 
(0 the boreal Trout Lake fegion in the S. ix best Mustrated by- 6. colin herbsceous- —_sadgy= sphagnaceous- Belburciherntse Ineo 
an rock flora ay: (sphognaccous in surficial runnets. but otherwise increasingly lichonous) Neon nested lapesteritron (neeccanr 
6: shallow bediock Dias _sphagnaceous Hichenous 5 0. | step inetd slopes witout eacsutec 
Cryoturbation processes dominant 1 MACKENZIE MOUNTAIN 
Biving vertical layering In) tha: soi Turbic™ regosol 16 161 167 1613 
Profile: = 
Foancniouran 21 Zi Ze | zis | ae | 27 ze | zis | 200 | Zsa | aie | 206 ee ee 
5 A jummocky peat platoous with lichen an 
eee 2 ae 228 one BP | on oe Pay lo | ees eee Paste ei chon an 
26 26% 265 267 269 | 2610 | 261 | 2612 | 2613 | 261 $ pressions containing summer pools 
nines a git | 312 BS || le || Slo 319 | 3110 Ey ay fe g = 
32 322 5 n / 
Dae cert brinieal 2 322 an =o || ap an Be 
36 361 | 382 364 | 365 | 360 365 | 3610 | 3611 | 362 | 3613 | ~ a 9 | Hummocky, pesty minora! eoits with noar- 
Vs =| surface pormatroa 
a aii | 412 414 | 4us5 | ate 418 | 410 | ain | ati <a A Posmalron 
5 Fi 
“EER 3 || BB |) | a i 2 
u f rr 2 4 | 
45 452 454 450 is Poat plateaus with labrador tea, locally. 
4 # , 
b2 Sy eel ale even sue ei OE Reena 
3 5 a 
5.FORT SIMPSON. 53 532 | 633 536 530 
Dograded dyatic brunisot 64 542 | 543 546 
oes 65 55 
ss eee eae eels 568 8) | 6 | sly"wmerouged ands, Tocaly wim maar 
61 611) 61a) |uens ie | 616 616 8 tuNfoca permattost 
Wndslogical erocestes dominant glv= 8 TROUT LAKE 62 622) 625 625 | 620 628 ° = 
‘na perizentattayering inthe soil "Podzolized” dystric brunisol 63 633 636 = = 
mrnnls, 642 | 643 640 23). enally Wererlonoed [lends] with near~ 
7 z = 5 5 ; ; 35 parm 
/ “For Identification of Land Satara, sam “Grouping of sinilar Uandscepa Units” / Pa 
ik 2 
Lonst ausceptibie Moderately susceptibio Strongly Moa susceptible 9 
LEGEND FOR yopa | Steoply sloping to flat | Steeply sloping 10 flat | Mostly fat iands, oxcopt PoBlng lds with th Seasonally waterlogged lends without neat- 
LANDSCAPE. Mountal utc) es) with, summer | i withthe summer wit rine f Trost tablejay gpulne summar perma, 3 3 | Surface permafrost. 
pndseroes parative ota ecineeutl| | ocratreatt ableyatzbbeet erat abour ese Ator tho vmgnygboUt 10°-30" depth ° surfer’, Pes 
Pa at abou Ue and organ 
SURVEY AND DAMAGE £0" depth or greater: locally | 30760" depth locally tras lsesiwhele oxutes ore ily, | is/ploveed by aty® and organic covor 
PeallencenTouaree]tharsure ||| gularty/Giaxibuiedy wiecses JAtierthe vegetative and organic cover | permalrostitabig yong, 20008, the 
SUSCEPTIBILITY face. Not especially sus- | blo to damage where the | Isiplerced by a damaging agent. the | 107-26", ang gy loners from about 
MAP. Ceptibla to damage. except | permafrost table of ico est tablo Towers frm about || eovoro ondyguling erosion can ba ; 
Wwheraiiojlanses ar near | Tenses occuring | locally ipaturally-occumioa depres: | bare O'94%d! One the them nase 7__ | ftedrained mineral zis wih nea-suace 
baxed on "e Thaland suddace when ther- | near the land surface allow | sions enlarge through thermal eub- | ation. oven py sy, ine thermal insu matron 
Severin inersouern and Ma subaldones’may occur. | the! possibilty of thermal | sidence,, and ullving erosion may | oiganic Comey !N® Yanotative and A 
‘central, Mackenzie River Grasay form often pionecrs | subsidence. “and where | occur an pariphoral blutfs, Sedges and | ciently !9'98/mea thy ereccnal org ae = = 
valley” during 197) and damaged areas slopes for example Vana ilows etn paneer domoped wou | cosucorexnain, my wenn Po <5 
1872. using au: photo inter {opping 10 rivers. allow slopes Pa,stablo enough for ae 
pretation, upplemented by Sully reson, Sphagnum raveo°*N15 commancan SE] 5 | Freordrained miner! soils without near 
‘round observations) osses olten ploncer dam a urtaco permatrost 
fed areas 
5) ——- = 3 = 
not 2 
cies =a La Le z= 
(Bslore everacing al depths measured to tbe permalron table were aojused to the mid-Augut valve) si | lobaulplinek ou lcrepe and scracs 
== = 
20 at T ‘tareograms In eat; phola-minlarures Yor quick correlation, 
ue 130'00' T 
= ——S T sc) 
= 15) Y Ti 
ee nw a T ——————_ = ~ : z 2 Lae yy = 
—— —— 30 BB T T — = 
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“GROUPING OF SIMILAR LANDSCAPE UNITS 


f uno 
croup syste GENERAL CHARACTER 
no 
lca | Hitly moraine ond finely lineated slopes with 
peor-surloco permafrost 
\ 4a__| Rost pateous, and finaly linested slopes | 


with neat: Burtce \permaliOst | 


LAND REGION — LAND DisTRICT 


SCALE 
1 100 


$1) A) 0 G0 160 120 140 160 160, Kilomeves 


Steep, lineated slopes without near-surface, 
permatiost 


41 _ | Moderato. finely lineated slopes with neat 
surfaco permafrost 


Hummocky peat plateaus with lichen and 
40. | near-surface permafrost and scattered de- 


Fy pressions containing summer pools 
| [eee 
8 
E z 
| 53] | rummecty. pany mine soi wih nx 
aE furfoco parmatroxt LAND REGION 
$s CLIMATIC ZONE 
é FIRST DIGIT 
= Post ploteous with labredot te, local 
te 8 | wrth near-surface parmo{rost and carter 1 — MACKENZIE MOUNTAIN 
en castors containing summe pools. 2 CARCAJOU CANYON 
3-HORN PLATEAU 
| ° Drumlinoid terrain and intervening seacon- 4—NORMAN WELLS 
te 5 ally waterlogged lands. focally with near 5-— FORT SIMPSON 
| 3 tuvace permatrost 
8 6 —TROUT LAKE 
Ll 2 FZ. 8 nv) 
23 : 
} < Seasonally wateropoed lands with near 
22] 4 | suece cermanon ae LAND DISTRICT 
al PARENT MATERIAL 
| z SECOND DIGIT 
3 
| B | | scasonaty watrtonned lds without nos 
Py surface pormatrost Silty-clayey morainal 
| — 
| —_— 
| £2] Sandy-gravelly morainal 
| 4 _ | Freoriined mineral sls with near-surface 
permatrost 
| 2 2 Silty-clayey lacustrine 
2 
| 42 
| ge Sandy-aravelly lacustrine 
| BE] 5. | rreecsraines mines} sis without near 
| O38 furlace parmalrast 
a0 i 
5 Ps ee 
= © 
| 1 Mountain rock outcrops and scroos, shallow becioce 
Se 
| 
| 
\ = ma LAND DISTRICTS (2nd diait) LAND SYSTEMS (91d Gigi ~ LEGEND 
\ Samo BE GLONE (tpt dit) seen al paront material) <(londseapo unit: eomposito of landform, droinago and vogotoreny Tho first digit of each {ull unit symbol gives the Land Region or 
sity-clayey morsinal Tei i eter cond: digit tho: Land Diatriet or aurficil 
Characterized by the soils on the most constantly similas sites from Regior ni mostly whit nostly white. 10 3 ere = 
Characized by the sao th cca anea The, polound’ cate ean ormeely eine) __rosty white, _mosty white) ___mosty scattered black ___—_— oe ota 15 A FeSO a Do ae 
iaegn ita ered non aol ates Toner Gat |) a snare acne Spe 1 fever Sore upto oh See ei sal ndmoral nates the Land Sytem onancape nic In 
Sa yal Trout Lake Land Fegion in tho 5. is best iustrated by: Bicetish Jock toraharbacaous: sed: sphognaceous ae eee emtterenecian ineresscot Land region Land i 
HN rae To ea popnseea {phagnaceous in surficial runne ewiso increasingly chon) ——9 istrict 
| otuibation processes dominant, 1 MACKENZIE MOUNTAIN = 43 
aig’ vera yong in the sol Tube roo 16 161 167 161 4 
20 profile 
— 1 
| 2. CARCAJOU CANYON Ba aN aay | ezyen | 2185 (217 Ze 2110 | 21%) | 2tv2 | 21a | 21 Lond system 
= 5 0 All mojor oreas havo been denied in terms om 
Civic regosal 24 241 245 247 343 | 2410 pane Here a ee eas tetane mie ae 
26 261 265 267 26s | 2610 | 261 | 26:2 | 2612 | 2614 (1214) guna tot of suscepti to damage though Tocal 
L Condens’ con ehango, the ralatve position. Hence, tho land: 
eee EA] ay | 312 sia | ate | 316 310 | ato | 3110 |) Stn | 3taa |) atin Fare acs ete Eng neatangd to our groups [Or cuscepu bly ta 
HC TEAU 2 325 an Tomage from’ corcless lfc. A broad regional oppraital 
pine nian ooo 33 332 334 330 | 339 ade’ gy wisn ‘ony. thet davivuion ot those four groups. A 
LL 36 361 | 362 364 | 365 | 366 | 368 | 360 Eee ae ea esc ie medo by examining theo 
| s 6 34 | 36 | Se se | Se eae a eacat ndacape bake, and for is purposes 
4. NORMAN WELLS oe mall @ con \ Fe See a Pes height ons vocal around Pope 
Degrased uric brunisot 3 1 2 4 36 | 430 ron || a Tho legand gives tho general oe height and pia ‘ground vege: 
44 442 436 ion aasocited with tho different land aystams 
45 452 454 450 s Lanoscare 
51 sir | 512 | S13 515 | 516 51 The agdscape sey tens: Panetna of iondfoms (Oralnage) 
By £23 ee Bo checked By Grou aa rinualed that can bo idonied od 
5 FORT SIMPSON 63 532 | 533 536 eae a hekeapte and ate insieatee ol pormalrost characteristics 
Bograded dyatric bruniso 6a 842 | 543 Bae Theos na terge can bo Used In mapping lends outside the orginal 
55 553 Tha'by aiephote interpretation alone, which Increases thu value 
56 561 | 562 | 563 560 560 atthe say ana provides bss for pose eaten of the 
61 17] 612 | la eis | 616 éle 100 of into 
LAND REGIONS 
| Pedoloacl process doninan. iv; TROUT SANS ict Ba Cee | FA 0 | 58 oul Land Regions oro equivalent to climate zones in soverl ways, 
| ing horizontal, layering in the soil frajizod" dystric Br Coa | Be < They aro chorecterized by soil types on the sites with freer drain. 
prota 64 a) ie ean | ra re creer banks, Morainal and laciofluval ridges) 
= F 7 zy 5 ° 7 . 2 © | a Mh ange om pogoland wl nthe souiermot pa and 
“Z oo 0 in B.to.cryoturbated soils I the northernmost highost a 
For identification of Land Systems, seo "Grouping of similar Landacapa Units” Land Rogion 1, Also, tha regions differ in tho proportions of 
sansonoiy ozo and unvoxn and Heo, and suena te 
Baia con Lopst suscoptiblo Moderatoly suscoptiblo Strongly susceptiblo sored rom south to noth Uneatod slopes are thy most oasly 
seen nied 
Mounwin outcrops | Steoply sloping to. (lat | Stoeply sloping to. flat | Mosuy iat londs, except for paripherg 
SURVEY ANI | tna scro0s Ree ihe te summer | fanda,, with tho. summor nal Lani Olatits ar, bout utaceGealony maps pr | 
| i ne at a Hughes: A.J. Fulton, NW: Rutter, ond P. t Honloy (tao 
Ty wt G larly dISDUIED, suisces ie COW logical Surv lutter, and PT. Hanley (Geo- 
| SUSCEPTIBIMTY, eat NoL capeculiy tos. | Ubleto damogo where the | spl mu th agical Survey of Canada). Predominantly sity and clayoy de ee 
MAP plerced by gent mma of movoinal end lacustine rate voy dopasits 
Ne epee nue | pemulest taste or tco. || pormattat tble towers trom #8004) ll savew cng isoprene en Le LC ayaa a ON aS a ronled ena 
“ah 9pUNS 10 da aE esl pccuring tocally || 207-20%, naturaly-occuring eps: l\Ibore’reund Gretta fee cas TT INU RSENS Tee aS Rees 
[ (cased on lena nd whoro jee lenses ara) neat | orsetra ond aufaca.ofow | sions’ onloigo)twough| thermal sub> |" ayn” guna. pica the thermal insu copulls lo Sanispere mee eae a pena 
OYE In the Sa rier Aaland suracewhan ther” | Teer possibity ‘of thermal, | sidonco) and qullving. erosion m8 || organictcoverie ramowa ree emai a oy 
| contol M97) and ealettarscotten monoars | subsidence, ond whero | occur on peripheral blulfs, Sedges a! ganic cover Is removed from a suf ‘A count based re ATON 
! Salley, JU0%0 nnn amaged areas fubsidonce, | and where | oer can pionoer damaged sree || eq, 1400 a0, tho oroxional pro fount aed on thy standard Mercator avid was usod for cor- 
1972, us matted by rapping 10. rivers, allow a8 can ba self-parpatuating, unl polsisnlwl iivensralenins ps pre ay WIL Wallacal (Cape 
107 apne stepping 10 va, alow Sonne 22l-perpetuning, unt the Gian Forestry Service), TH eonsiatlon|previded Intormation an 
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"7 : = ‘ores cept na miso sh tes 
Sifesuated La 8 [ve EATS sport wen obtained rom lvestost 
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